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MEMORANDUM AS +0 THE PROPOSED COURSE 
OF ARCHITECTURE IN THE SCHOOL OF 
MINES." 

BY THE PROFESSOR-ELECT OF ARCHITECTURE. 

The chief difficulty in the study, as well as in the practice 
of architecture, is its many-sidedness. There is hardly any- 
thing which, in theory, an architect should not know. In the 
practice of the profession, of course, every man simplifies the 
problem for himself, by devoting himself mainly to one side 
of the subject, one distinguishing himself chiefly in design, 
another in practical affairs, a third in the applications of 
science to the art. But a school cannot so narrow its range ; 
and although, in fact, the French courses of study are mainly 
artistic, and the German scientific, and the English practical, 
they all, from this very fact, fail to furnish the model we should 
wish to follow. 

The problem before us in this country is to devise a course 
of study so carefully adjusted that the practical, scientific, and 
artistic studies may receive equal consideration. Ultimately, 
after he gets out of school, the student will prosecute his stud- 
ies in one way or in another, as the bias of his mind may de- 
termine, and he will have plenty of time for this. The period 
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of pupilage lasts, for the architect, until he is thirty years old; 
for, though he is able to support himself before that time, he is 
not till then, in general, ready to take an independent position. 
'Up to that time he is in the attitude of a student. If this is 
the case already with young men whose training is accidental 
and imperfect, it will certainly be true of the thoroughly edu- 
cated men which it is the object of a first-rate school to pro- 
duce. All the time they can gain, through better adjusted 
means of study, will be needed for the exploration of the wider 
field opened to them. The time spent at school is then not 
more than a third or a half of their term of professional prep- 
aration \ and it .should be spent, it seems to me, first in learn- 
ing good methods of study and of work, and then in the acqui- 
sition of a minimum of knowledge and skill in each of the 
three departments I have indicated, not neglecting, at the 
same time, the languages and literature. But these studies 
should, I think, for professional students, be directed along 
special professional lines, and made to co-operate with the 
critical and historical work of the professional course. 

A considerable restriction of the range of study would, of 
course, be imposed by the number of branches to be taken up. 
The student of architecture cannot, for instance, follow the full 
course of scientific construction taken by the student of civil 
engineering, and have any time left for the artistic and prac- 
tical studies which are, after all, the distinctive characteristics 
of his work. But it is also necessary to limit the range of 
school work, in order that what is learned may be made so 
familiar that it can never be forgotten. The main principles 
of scientific construction, for instance, and their applications 
in practice, should be so reiterated and enforced as to seem 
matters of course, so that they may not lie in the mind as 
something external to it, likely soon to drop away, but may 
be thoroughly assimilated, instinctively controlling the judg- 
ment and informing the common sense. Then the student 
whose later studies lie wholly in the field of design will spon- 
taneously conform to the requirements of construction, and 
the student who gives himself mainly to practical affairs will 
comprehend and adapt himself to the requirements of design. 
Later in life two such men can comprehend each other's work, 
as can never happen where the mere engineer and the mere 
designer try to co-operate with each other. 

How the artistic and historical studies of such a course had 
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best be conducted is not a very difficult question. The experi- 
ments we have here been trying, partly founded upon the 
example of the School of Fine Arts in Paris, very well indi- 
cate, both in their successes and through their failures, how 
the elements of architecture, as an art of design, may be sys- 
tematically taught, and with what illustration of theory and 
of historical examples they may conveniently be accompa- 
nied. 

The scientific side of the subject is not so easily disposed 
of. The principles of scientific construction are, of course, the 
same for the architect and for the engineer. But the student 
of architecture is at a disadvantage, compared with the student 
of engineering, both in understanding them and in applying 
them. All the text-books are written from the point of view 
of the engineer, all the examples relate to engineering work. 
When the engineer gets through his studies and takes up the 
practice of his profession, he finds himself quite at home, his 
mathematics and mechanics having made him quite familiar 
with the field in advance. The applications of science to his 
art are already familiar to him. The student of architecture, 
on the other hand, finds a great gulf fixed between the region 
of scientific studies and the world of his professional life. His 
statics and dynamics seem unrelated to his daily problems. 
The subject-matter is the same, but the point of view is differ- 
ent, and, unless he is distinctly of a scientific and engineering 
turn of mind — which he had better not be, in most cases — the 
task of establishing a connection between the two will be be- 
yond his powers. 

What is needed in a course of architectural education is 
that the scientific studies necessary to an architect shall be pur- 
sued throughout from an architectural point of view ; that the 
chemistry, physics, and mechanics should at every turn have 
their bearing upon the arts concerned in building clearly 
pointed out. Whether this can best be done by simply fur- 
nishing special examples and applications, by way of notes to 
the ordinary text-books, or by more specialized courses of 
scientific study — this is one of the questions which is waiting 
to be answered. If the answer were obvious, experiment and 
investigation would not be needed. 

The third point to be made in a satisfactory scheme of 
architectural study, though more novel, perhaps, presents 
fewer difficulties. This is the study of practical matters, of the 
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arts ancillary to architecture, the arts of the plumber, painter, 
mason, plasterer, etc. It is not necessary that an architect 
should be a skilful workman at these trades ; but he does need 
to understand them technically, and to be a good judge of 
work in each. At present it is difficult for a student to learn, 
in any way that is possible for him to remember them, even 
the elements of such knowledge. Office life, of necessity, 
gives him but little opportunity to accomplish himself in these 
respects. The only way to secure this seems to me to be by 
means of a properly organized laboratory, in which the prin- 
ciples of these arts can be learned by handling the tools ; nor 
can I doubt that what is thus learned will be easily remem- 
bered. Such a workshop need not be expensive either in its 
equipment or in its administration, and it would do more than 
anything I can think of to strengthen the profession in what is 
now its weakest point — and it is to improve the profession that 
schools of architecture are founded. 

The question is sometimes raised whether, architecture be- 
ing counted among the fine arts, it does not belong in a school 
of art rather than in a school of science. But if a thorough 
and comprehensive course of study is to be established, a 
school of science seems the most convenient place for it. Two 
out of its three branches are certainly more germane to scien- 
tific pursuits than to painting and sculpture, and it is easier 
and cheaper to add the apparatus needed for the study of ele- 
mentary' design to a school of science than to bring the work- 
rooms and laboratories of a school of science into a school ot 
art. Still, it needs to be distinctly recognized that the atmos- 
phere of exact science is unfavorable to the growth of the ar- 
tistic sentiment ; and that in temper and methods a school of 
architecture must always be, so far as relates to design, at 
least, not quite at one with the purely practical schools with 
which it is associated. It must accordingly require special 
pains to create for it an atmosphere of its own, favorable to 
the harmonious development of its own students. 

William R. Ware. 

Boston, March s, 1881. 
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■ THE GENESIS AND DISTRIBUTION OF GOLD. 
By Prof. J. S. NEWBERRY. 

Gold occurs in three classes of deposits : ist, placers ; 2d, 
segregated quartz veins in metamorphic rocks ; 3d, in fissure 
veins, or repositories connected with them, where it is mingled 
with the ores of iron, lead, tellurium, silver, copper, etc. 

The origin and mode of deposition of the gold in these de- 
posits have been discussed at considerable length by geolo- 
gists, chemists, and mineralogists, with such a lack of harmony 
on some important points as to leave the student in uncertainty 
what to believe. Hence, I have thought that the observations 
and convictions of one who has had an opportunity of studying 
most of the important gold deposits of our country, and who 
is fresh from the field, might not be unwelcome to the Quar- 
terly. I shall therefore give, on the following pages, a brief 
review of the subject as it appears from my standpoint. 

PLACER DEPOSITS. 

Nine-tenths, and possibly ninety-nine hundredths of all the 
gold which has come into the possession of man, has been 
obtained from superficial deposits. These are called placers 
by the Spaniards, from whom we have adopted this as we have 
so many other mining terms. 

The gold here occurs in beds of sand, gravel, and boulders 
which have plainly been washed down from higher ground, 
usually from neighboring mountain slopes composed of meta- 
morphic rocks containing auriferous quartz veins. This rela- 
tionship is so constant that most persons who have observed 
or read much of placer gold deposits have been satisfied with 
the simple and obvious inference that the gold has been de- 
rived from the erosion of higher rocks and the breaking down 
of quartz veins, the detrital materials having been sorted by 
water according to their specific gravity. Probably this view 
would have been universally accepted, the array of facts in its 
support is so convincing, if it had not happened that men are 
so constituted that it is impossible for all to think alike on any 
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subject. Unfortunately, there are in all communities intelli- 
gent men who have a proclivity (we are, perhaps, justified in 
calling it a perversity) that leads them to choose instinctively 
the opposite of the generally accepted view, or to reject a sim- 
ple and easy solution of a problem in favor of an intricate and 
difficult one. In this phase of human nature wc have another 
illustration of what most persons have experienced : that the 
artificial difficulties placed by egotism or unreason in the way 
of the searchers for truth are more difficult to surmount and 
more trying to patience than those which nature has opposed. 
Among other fruits of this constitutional heterodoxy is the coin- 
age of a new theory to account for the genesis of gold in pla- 
cers, viz., that the grains and nuggets are formed where found 
by precipitation from chemical solution. 

The facts by which the advocates of this theory have at- 
tempted to sustain it are : ist, the rarity of nuggets or gold 
masses of any considerable size in quartz veins ; 2d, the greater 
purity of the fine gold of placers than that of the neighboring 
veins ; 3d, the frosted character of the surface of some gold 
nuggets ; 4th, instances of deposition of gold in organic sub- 
stances buried in the gold placers; and 5th, the solubility of 
gold as proved by laboratory experiments. 

In arguing from these facts, it is stated that nuggets of 
gold of large size have been not unfrequently met with in all 
the great placers: such as the " Sarah Sands" and " Wel- 
come " nuggets of Australia, which weighed respectively 233 
and 184 pounds ; the great nugget from Miask, in the Ural 
Mountains, which weighs 96 pounds ; and others ranging from 
twenty-five to fifty pounds, taken from the placers of Aus- 
tralia, New Zealand, and California ; while " no masses of gold 
of anything like the size of these have been found in quartz 
veins," This latter statement is, however, erroneous, for the 
largest mass of gold yet found on this continent was taken 
from a quartz vein in the Monumental Mine, at the Sierra 
Buttes, twelve miles north of Downoyville, Cal, It weighed gsi 
pounds, and is said to have been originally larger, weighing 140 
pounds. This discovery is well authenticated, and is reported 
in detail in Prof. Raymond's Report on Mines and Mining for 
1870 (Ex. Doc. No, 207, page 63). This, then, was one of the 
largest nuggets of gold found in the world, and proves that 
large nuggets can and do occur in quartz veins. Nor is this 
rarity of nuggets in quartz veins any proof of the truth of this 
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.new theory, for it is certain that the amount of nugget gold 
taken from mineral veins is in fair proportion to the whole 
gold yield of such veins when compared with the proportions 
of nugget and dust gold in the placers. When it is remem- 
bered that from the slopes of the Sierra Nevada, over large 
areas containing auriferous quartz veins, a sheet of material, 
perhaps thousands of feet in thickness, has been removed by 
erosion, it will not be surprising that a considerable number of 
masses of gold have been taken from the resulting debris ; and 
when we compare the insignificant excavations made by man 
in quartz veins with the gigantic mining operations of nature, 
we can only wonder that he has met with any of these large 
and rare masses of gold. The nugget argument, therefore, has 
no support, and falls to the ground. 

It is true, as has been asserted by the advocates of the 
chemical theory of the genesis of gold, that the fine gold in 
some placers is of higher grade than that of the neighboring 
quartz veins. This difference is, however, not marked, and 
something of this sort was inevitable, from the fact that all gold 
in quartz veins and placers is alloyed with silver. When mi- 
nutely divided and exposed to the action of chlorine and other 
agents which dissolve silver — so generally prevalent in the at- 
mosphere and superficial deposits that silver is never found 
there in the metallic state — some portion of the silver would 
naturally be removed from the surface of the particles of gold. 

It should also be said that the fine gold of placer deposits 
is usually' purer than the coarse gold and nuggets, and the 
reason is that the scales and fine grains of gold present more 
surface to be' acted on by the agents which remove the silver. 
This process, which is essentially that called pickling by the 
jewelers, with the fact that gold itself does not perfectly resist 
chemical agents, also affords an explanation of the frosted ap- 
pearance which the surface of some placer gold exhibits, and 
which has been hastily taken as proof that all such masses were 
chemically precipitated. 

Gold is usually said to be soluble only in aqua regia, and 
the idea is prevalent that it would remain forever unaffected 
by any of the chemical agents in nature's laboratory. This is, 
however, far from true, as by the experiments of modern 
chemists it has been shown that it forms a great variety of 
chemical combinations. J. P. Pratt, epitomizing the results 
of his experiments, says {Jotir. de Pharmacie el de Chtmie, 
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August, 18^0) ; " Gold can be readily oxidized and salified by 
oxacids. There exists a liquid and volatile chloride of gold 
containing more chlorine than the sesquichloride. There ex- 
ists, likewise, a sesquioxide and a carbonate of gold; and, 
lastly, gold behaves in many instances like some of the other 
metals." While all this is undoubtedly true, and it is also true 
that in the gossans of some of our Western mine.s gold exists 
in other than metallic form, these facts lend no confirmation to 
the theory of the chemical origin of placer nuggets. A more 
interesting fact, proving the solubility of gold by natural pro- 
cesses, is reported from the placers of California, viz., that the 
bark of some of the tree-trunks found buried in the blue gravel 
was largely replaced by iron pyrites, which was rich in gold. 
Hence, we cannot deny that some gold has been deposited in 
the placers from solution ; but this certainly does not include 
the nuggets and gold-dust. The facts which distinctly militate 
against that theory are briefly as follows ; 

First. — Deposits of placer gold are always found adjacent 
to and lying below districts traversed by auriferous veins, and 
nowhere else. 

Second. — The areas where the quartz veins occur have cer- 
tainly suffered great erosion, and mechanical forces have there 
been in action tending to break down and comminute the 
quartz, and to liberate and wash the contained gold. 

Third. — The conditions in which the placer gold is found 
— viz., mingled with rolled fragments of quartz and in the 
irregularities of the surface of the bed-rock, wheVe a washing 
process on a large scale has been in action, and where such 
washing processes would have left it — prove the accumula- 
tions of gold to be mechanical rather than chemical. A de- 
posit from chemical solution would not thus be circumstanced 
and localized. 

Fourth. — The distribution of gold in placer deposits is also 
demonstrative of its mechanical origin, for in all cases known 
to me the nuggets and coarsest gold are found nearest the out- 
crops of the quartz veins that have supphed them ; while the 
particles become gradually finer and finer as the Une of drain- 
age is followed from this point. Hundreds of instances of this 
kind might be cited — enough, indeed, to form the basis of a 
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mechanical law in itself an unanswerable argument to the chem> 
ical theory. 

Fifth. — Nothing is more common than to find, in the pla- 
cers, pebbles and fragments of gold-bearing quartz, which must 
have been derived from the neighboring veins, and most of the 
nuggets have more or less quartz, just like that of the veins, still 
adhering to them. 

Sixth. — The surfaces of nuggets almost always bear incon- 
testable evidence to the battering they have sustained. They 
are generally rolled and rounded, and the surface is such as 
could be produced only by blows and friction. 

The cases where the surface of the nuggets is rough and 
frosted, as though from partial solution, are extremely rare, and 
afford no support to the chemical theory. 

Seventh. — If the gold of placers were deposited from solu- 
tion, we should necessarily find much of it crystallized and 
forming strings and sheets running through the porous mate- 
rial ; whereas, as a matter of fact, crystals are never found in 
placer gold, nor are sheets or thread. Scales, grains, pebble- 
like nodules, rounded, battered masses, these are what we 
find ; in other words, sand, gravel, and boulders of gold formed 
and transported by mechanical means. 

I cannot better illustrate the occurrence of gold in placers 
than by describing an isolated placer I have recently visited, 
which combines all the normal features of this class of deposits, 
and bears, in unmistakable characters, the record of its his- 
tory. It is located at Osceola, Nev. , and lies on the west 
flank of Mount Wheeler, said to be the highest mountain in 
the State. The central mass of Mount Wheeler is granite, but 
on its flanks occur upturned and metamorphosed paleozoic 
rocks, quartzites, slates, and limestones. A spur, which ex- 
tends north from the main peak, consists at its northern ex- 
tremity of high, rough, and ragged masses of quartzite. These 
are succeeded on the south by a belt of talcose slate several 
miles in length, forming a ridge which rises four thousand feet 
above Spring Valley, its western boundary. At its southern 
extremity the slate belt is overlain by limestone. All these 
rocks are cut by veins of quartz, but those in the quartzite and 
limestone seem to be barren. The quartz veins in the slate belt 
are, however, numerous, and many of them are rich in gold. 
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In the course of ages the slate area has been extensively 
worn away, forming a "cirque," or semicircle, drained by 
several gulches, which combine below in one, and through 
which all the material removed from the mountain side has 
been spread over the slope to the valley below. In some 
places the mass of dibris is three hundred feet or more in 
thickness; above it is narrowed between ridges of rim rock, 
below spread out into a fan-shaped delta. The detrital mate- 
rial consists chiefly of rolled boulders and pebbles of quartzite 
and vein quartz mixed with sand and a cementing clay derived 
from the decomposition of the slate. All this contains gold : 
near tiie head of the gulch that which is coarse ; that below 
becoming finer and finer toward the valley. 

The climate of this region is now excessively dry, no water 
flowing through the gulch, except during a week or two in the 
spring, when the snows are melting on the mountain above. 
The temporary streams thus formed have cut narrow channels 
through the beds of gravel and boulders, in the upper part of the 
gulch to the bed-rock, below only in the loose materia!. These 
modern channels have revealed the existence of others that are 
much older and broader, now filled, and in places deeply buried. 
These old channels would seem to have been produced at a 
time when the climate was more moist and the flow of water 
from the mountain much greater than now. As usual in 
such cases, the old channels are rich placer ground, the gold 
having accumulated in the depressions of the irregular bed- 
rock. 

The number of nuggets and the quantity of coarse gold 
taken from this placer is remarkable. The largest nugget found 
weighed twenty-four pounds, and many others have been met 
with weighing from half a pound to two pounds. At the time 
of my visit two nuggets, weighing over ten ounces each, were 
purchased which had been found by one man on September i Sth. 
Between two and three hundred thousand dollars have been 
taken from this placer within the last four years, all by hand- 
labor, and for the most part during the brief interval when a 
httle water was flowing down the gulch. The nuggets have 
all been found toward the head of the gulch. Many of them 
have vein quartz still adhering to them, and their derivation 
from the quartz veins which crop out on the mountain side 
above cannot be doubted. The whole of this placer has been 
purchased by parties who are about to bring water on to it 
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from streams which drain the southern slope of Mount Wheeler. 
These streams run in gutches, which have the same general 
character with that at Osceola ; but none of them contain gold, 
simply because the slopes they drain are not composed of 
auriferous rock. 

The significance of the facts I have given, and their bearing 
on the question discussed on the preceding pages, may be 
briefly summed up as follows : Mount Wheeler is a very high 
mountain, which, though located in an exceedingly dry region, 
has through ages received on its summit sufficient precipitated 
moisture to form torrents that drain and have deeply scored 
its different sides. The material excavated is all spread in the 
vicinity, forming slopes of grave! and boulders at the mouths 
of all the gulches. 

In one of these gulches the detritus is rich in gold ; in all 
the others it is barren. The rich one has received all the 
debris from a portion of the mountain, composed of talcose 
slate cut in every direction by auriferous quartz veins. The 
other gulches contain no gold, and there are no gold veins at 
their heads. In the rich gulch the gold becomes coarser and 
coarser toward the head as the outcrops of the quartz veins 
are approached. When to this is added that not a crystal of 
gold has been found in this placer, nor any gold that could be 
fairly considered a chemical deposit — but, on the contrary, 
all the masses are rolled and battered, often with adhering 
quartz — we have an array of evidence in favor of the mechani- 
cal deposition of the gold which cannot be gainsaid. 

COLD IN SEGREGATED VEINS. 

Most of the quartz veins which carry gold belong to the 
class of what are called segregated veins. These occur only in 
metamorphic rocks, are lenticular sheets, limited in depth and 
lateral extension, and generally showing little of the banded 
structure so characteristic of fissure veins. They consist mainly 
of quartz, in which the gold is sometimes free, but more com- 
monly contained in iron pyrites, \vith which yellow copper is 
often associated. Sometimes the gold is not strictly con- 
fined to the quartz veins, but extends more or less into t)ie 
enclosing rocks, which are oftener than otherwise magnesian 
slates. 

The gold in segregated veins \vould seem to be indigenous 
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to the formation in which it occurs, and not, as in fissure veins, to 
have been derived from some foreign source. It is usually sup- 
posed that, before they were metamorphosed, the rocks which 
enclose the segregated veins contained gold generally, though 
sparsely, disseminated through them, and that, in the process 
of the segregation of the siliceous matter to form sheets of 
quartz, the gold was somehow gathered and concentrated by it. 

Sir Roderick Murchison, guided by his study of the gold 
deposits of the Ural Mountains, supposed that auriferous quartz 
veins were confined to paleozoic rocks, but that the gold im- 
pregnation had taken place at a comparatively recent date. It 
was demonstrated, however, by Prof Whitney, in the prose- 
cution of the geological survey of California, that the meta- 
morphic slates which carry gold in the Sierra Nevada are of 
Triassic and Jurassic age ; and in the light of later observa- 
tions we may say that metamorphic rocks of all ages contain 
auriferous veins. Nearly all the great mountain chains of the 
world contain more or less of such veins, and as these moun- 
tain chains have been the great condensers of moisture, and 
erosion has been constantly wearing down their slopes, placer 
deposits have been formed which have supplied most of the 
gold yielded by the earth to man. As it can be procured 
from them by the simplest methods, the work of its extraction 
was begun by prehistoric races, and the Altai, the Himalayas, 
the Ural Mountains, the Australian Alps, the Sierra Nevada, 
and the Rocky Mountains, have in turn contributed their mil- 
lions to the treasuries of the world. These mountain chains are 
of very different ages, and we have abundant evidence that gold 
has existed in some of them from the earliest geological times. 
The oldest mountains of which we have any knowledge — ^the 
Laurentian, of Canada, now nearly removed by erosion — con- 
tained auriferous quartz veins that have supplied gold to all the 
successive formations which have been derived from their ruins. 
The gold impregnation of the Laurentian rocks dates back cer- 
tainly to the period of their metamorphism ; and this was pre- 
Silurian, for the undisturbed lower Silurian strata overlap and 
partially cover these gold-bearing rocks. 

In the same way the gold at the Black Hills is proved to 
bq pre-Silurian, since the Potsdam sandstone which abuts 
against the Archean nucleus of the hills in places contains 
rolled fragments of the Archean rocks, and gold washed from 
them in such abundance as to form rich mining ground — the 
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so-called cement deposits of that region. The distribution of 
gold from the Archean rocks has probably been constantly 
going on from the Silurian age to the present day. This is 
shown in the almost universal dissemination of gold through 
the drift of New England, New York, Ohio, etc., where the 
superficial materials have been largely derived from the Cana- 
dian highlands. In Ohio gold is found in the drift clays, sands, 
and gravels, and locally in as great quantity as in the poorer 
placers of California. There is little doubt that the mechanical 
sediments derived from the wear of the Archean rocks all con- . 
tain gold, and since it has been proved that gold exists in sea- 
water, it has probably impregnated all the organic marine 
. sedimentary rocks as well. In the subsequent metamorphism 
of some of these strata it has been concentrated in such a 
way as to produce auriferous quartz veins rich enough to be 
worked. 

From these facts it will be seen that there is no geological 
age which can be called the age of gold. It existed in the old- 
est rocks known, and from them and their derivatives, more 
modern rocks, it has been and is now being constantly dis- 
tributed by both mechanical and chemical processes. Even 
some of the igneous rocks of the Western country are said to 
contain minute quantities of gold ; ' and this is not surprising, 
if, as is supposed, much of our volcanic material is a fused con- 
dition of sedimentary rocks. • 



COLD IN FISSURE VEINS. 

As is well known, gold is a frequent constituent of the fis- 
sure veins of the Far West. The ore of the Comstock vein 
has yielded about 47 per cent, of gold and 53 per cent, of 
silver; and it is probable that one-half of the so-called silver 
veins contain gold in sufficient quantity to be of practical value. 
In some true fissure veins gold is the only valuable ingredient, 
but more generally it is associated with several other metals. 
The Revenue Mine, at Tuscarora, Nev-, contains silver in the 
form of arsenical* and antimonial sulphide, and gold in iron 
pyrites frequently crystallized lining cavities. At Eureka the 
ore occurs in chambers, which were originally filled from a 

' E.g., the basalt of the Snake River lava-plain, and, according to Fior. ]. J. 
Stevenson, the tiachyle of Colorado. 
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solution issuing through fissures from below and deposited as 
ai^entiferous galena and auriferous pyrites, the silver and gold 
being in nearly equal proportions. In the great veins of Bing- 
ham Cafion, and at the Cave Mine, near Frisco, in Utah, the 
combination is the same, and, as at Eureka, the sulphides have 
been decomposed to a spongy, rusty gossan. At the Bassick 
Mine, in Colorado, gold exists free, or in combination with 
tellurium and associated with zinc, copper, and iron. In all 
these, and many other cases which might be cited, the gold 
has been brought up in a hot solution impregnated with min- 
eral matter far below, and deposited as the temperature and 
pressure were reduced. The formation of this class of aurifer- 
ous deposit is well illustrated by the Steamboat Spring, in 
Western Nevada, where hot water, flowing out through fis- 
sures produced by subterranean forces, is depositing a siliceous 
vein-stone, containing sulphides of iron, copper, oxide of man- 
ganese, and metallic gold. There is little doubt that, in the 
great mineral belt lying between the Sierra Nevada and the 
Rocky Mountains, where, in Tertiary times, volcanic activ- 
ity was exhibited on a grand scale — sedimentary rocks up- 
heaved and fissured in every direction, with great outflows of 
fused material — hot springs, like the Steamboat, were every- 
where busy, doing similar work. Bursting out at different 
places and times, and flowing from different sources, the solu- 
tions they carried and the ores they deposited varied greatly ; 
but the methods of accumulation, transportation, and deposi- 
tion were essentially the same, namely, the leaching of various 
rocks by steam and hot water under great pressure, by which 
silica and sparsely disseminated metals were gathered and 
driven toward the surface to be deposited as the pressure and 
temperature were reduced. Gold collected in this manner was 
unquestionably taken into chemical solution, and in the re- 
sulting vein deposits we find it in strings, scales, and irregular 
masses, often beautifully crystallized and associated witli other 
crystallized minerals which are certainly chemical precipitates. 
We may sum up the teachings of geology in regard to the 
genesis and distribution of gold by saying: — 

First. — Gold exists in the oldest known rocks, and has 
been thence distributed through all strata derived from them. 

Second. — In the metamorphosis of these derived rocks it 
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has been concentrated into segregated quartz veins by some 
process not yet understood. 

Third. — It is a constituent of fissure veins of all geological 
ages where it has been deposited from hot chemical solutions 
which have leached deeply buried rocks of various kinds, gath- 
ering from them gold with other metallic minerals. 

Fourth. — By the erosion of strata containing auriferous 
veins, segregated or fissure, gold has been accumulated by 
mechanical agents in placer deposits, economically the most 
important of all the sources of gold. 

[The following not«s, from reports made by Prof. H. S. Mnnroe to the Japan- 
ese Government, embodying the conclusions formed aftei two yean careful study 
of the gold placers of Vesso, may be of interest in this connection. 

Gold-bearing gravel ii found on the Island of Vesso in many of the river valleys, 
apparently derived in every case from the metamorpbic strata of the immediate 
vicinity. The gravel, wben auriferous, is always composed of pebbles of mela- 
morphic rock, similar in cDinpusition to the metamorphic rocks of the upper valley 
of tbe strestn. Wherever in the j{old r^ons the liver valley is mainly or entirely 
within the limit of the soft strata, the gravel is composed chiefly of fragments of 
sandstone and shale, and contains little or no gold. An interesting caiic, demon- 
strating these points, was developed in the survey of the I'oshibets Gold Field. 
TTie Toshibets is formed by the junction of three large streams, two of which head 
in a range of nelunorphic hills, while the third has its valley entirely within on 
area of Tertiary clay rocks and tufas. Tests of the gravel brought down by these 
three streams, the samples being taken in or near the main valley, gave the follow- 
ing results : 
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These lariferoits graveU everywhere aSbrd unmistakable evidence of having been 
deposited in mnning water ; and tbe direction of the old current, which can uiaally 
be determined from the position of Hat stones in the beds, coincides, as a rule, with 
the general course of the present river valleys. The gold is found to be concentrated 
in the lower layers of the gravel beds and nent the bed-rock. Thb concentration 
is nndoubtedly due to the repeated stirring and i-ewoshing of the gravel as the old 
river shifted its bed from one side of the valley to the other. The richness of the 
gravel and the coarseness of the grains of gold also increase very perceptibly as we 
ascend the stream— indicating unmistakably the source of the gold. — Ed.] 
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AN APPARATUS FOR THE RAPID ANALYSIS OF 
MIXTURES OF GASES. 

ARTHUR H. ELLIOTT ('8l), Ph.B., F.C.S. 

In gas-works, and also in many iron- and steel-works, it 
often becomes necessary to make a number of analyses of 
mixtures of gases daily, which, of course, is only possible with 
simple apparatus. The earliest and simplest form of apparatus 
was a tube for the determination of carbonic acid, very much 
like an inverted burette, used by C. Stammer.' This tube was 
further modified by F. M. Raoult,' who used two stopcocks, 
one above and another below ; and to the upper stopcock was 
attached a funnel, which serves to introduce the chemicals in 
solution for treating the gas. After treating the gas, Raoult 
washed out the chemical used with water, introduced through 
the funnel, and the gas was measured by bringing the tube to 
a nearly horizontal position and allowing water to run in 
through the funnel 

Wilkinson modified this tube of Raoult by placing it in a 
wider tube having a stopcock below, and omitting the stop- 
cock upon the lower end of the measuring tube. By this 
means he could adjust the pressure upon the gas by adding 
water to or drawing it from the exterior tube. 

But the difficulty with these methods is the necessity of 
washing out the chemicals used to absorb the various gases. 
For example, after treating a gas mixture with pyrogallate of 
potassium, it is necessary to wash out all the pyrogallate be- 
fore adding bromine to absorb the illuminants, otherwise the 
bromine is absorbed by the alkali before it can act upon the 
gas. To obviate this difficulty, and one or two others, I have 
used the apparatus described further on. 

The apparatus of Orsat at once suggests itself as a remedy 
for these difficulties ; but, unfortunately, to attain the same 
accuracy as with the apparatus I describe, you have to use four 
times the amount of time, and moreover the apparatus of Orsat 
is both costly and fragile. 

The apparatus is shown in the drawing on page 19. 

' Dinger's Polylech. Jour., CII., 368. 'Comp, Reni, 1876, 844. , 
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The tube A is of about 125 cc. capacity, whilst B, although of 
the same length, holds only lOO cc. from the mark D, or zero, 
to the mark on the capillary tube at C, and is carefully gradu- 
ated into -j^ cc. The attachments to these tubes below are 
seen from the drawing, except that the stopcock I is three- 
way, with a delivery through its stem. The bottles K and L 
hold about one pint each. The tubes A and B are connected 
above with one another, and with the funnel M by capillary 
tubing, about one millimetre in internal diameter. There is a 
stopcock at G and another at F, while the funnel M, holding 
about 60 cc, is ground to fit over the end of F above. At E 
is a piece of rubber tubing uniting the ends of the capillary 
tubes, which are ground off square to make them fit as close 
as possible. 

In beginning the analysis of a mixture of gases, the stem 
exit of the three-way cock I is closed by turning it so that L 
and A are connected through the rubber tubing ; the stopcocks 
F and G are opened, and water is allowed to fill the apparatus 
from the bottles K and L, which have been previously sup- 
plied. When the water rises in the funnel M, and all air-bub- 
blcs have been forced out of the tubes, the stopcocks F and G 
are closed, the funnel M removed, and the tube delivering the 
gas to be tested attached in its place. By now lowering the 
bottle L slowly, and simultaneously opening the stopcock F, 
the tube A is nearly filled with gas, and the stopcock F is 
closed. The tube delivering the gas is now removed, the fun- 
nel M replaced, the bottle L raised, the bottle K lowered, and 
by opening the stopcock G the gas is transferred to the gradu- 
ated tube B. By placing the bottle L on a stand at about the 
level of the water in A, the level in B and in the bottle K can 
be adjusted to the zero point, and the stopcock G is closed. 
The excess of gas in A is expelled by opening the stopcock F 
and raising the bottle L. The gas remaining in the capillary 
tube between C and the vertical part is disregarded, or in very 
careful work it may be measured and an allowance made in 
not filling the tube B quite to the zero mark, but usually it is 
too small to be worth notice. 

Having measured the gas to be tested, it is now transferred 

by means of the bottles K and L into the tube A, and the 

fluid chemicals added by placing them in the funnel M and 

allowing them to flow down the sides of the tube slowly, care 

•;ing taken never to let the fluids run below the level of the 



, <„, u i.Goot^lc 



i8 THE QUARTERLY. 

top of the vertical tube in the funnel. It is best to have a 
mark on the outside of the funnel at least three-fourths of an 
inch above the top of the level of the vertical tube, and never 
to draw the fluid down below this point. 

Having treated the gas with the chemical, it is transferred 
by means of the bottles to the tube B, to be measured. If 
the chemical gets into the horizontal capillary tube, the pas- 
sage of a little water from the bottle K will remove it, before 
transferring the gas. When the gas residue is in B, and the 
fluid in A has been adjusted at the mark C on the horizontal 
tube, the stopcock G is closed, the bottle K is lowered till the 
level of water in it and that in the tube B are the same, and 
the reading is then made. The tube A is now filled with the 
chemical just used and water. By turning the stem of the 
three-way cock I, so that it communicates with A, and also 
opening the stopcock F, the contents of the tube can be run 
out, and water run through the funnel M to clean the tube 
for a new absorption. When the tube is clean, by turning the 
stopcock I, so that A and L communicate, the water is forced 
into A, and the whole is ready to receive the gas for new treat- 
ment. By this means the gas is removed from the action of 
the water used to wash out the chemicals, and the chemicals 
are completely removed from any interference with each other 
when treating a mixture of gases. In using this apparatus the 
solutions are added in the following order : 

1. Potassic hydrate to absorb carbonic dioxide (also by 
drogcn sulphide and sulphurous oxide' if present). 

2, Potassium pyrogallate, to absorb oxygen. 

3, Bromine, to absorb illuminants, like defiant gas and 
acetylene, and after the absorption is complete, and the bromine 
vapors cause an expansion, a little potassium hydrate is added, to 
absorb these vapors before the gas is transferred and measured. 

4. Cuprous chloride in concentrated hydrochloric acid so- 
lution, to absorb carbonic oxide. After this absorption is 
complete, the gas is transferred to the measuring tube, the 
contents of the tube A run out, the tube washed and filled 
with water from the bottle L. The gas is now transferred to 

e Dccessaiy for 
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A, and treated with potassium hydrate solution, to absorb hy- 
drochloric acid vapors, before the final reading is made in B. 

The treatment up to this point takes from twenty to thirty 
minutes, according to the amount of practice the operator has 
had with the apparatus. The gas residue still contains marsh 
gas, hydrogen, and nitrogen. By removing the funnel M, 
and attaching in its place a rubber tube communicating with 
an explosion eudiometer in a deep cylinder of water (both 
eudiometer and rubber tube being drawn full of water) ; a 
portion of the gas residue can be mixed with oxygen, exploded, 
and the contraction and the carbonic acid determined ; the 
marsh gas and hydrogen being calculated by the usual for- 
mula. The nitrogen is found by the difference of the addition 
of the other constituents and one hundred. 

The explosion tube is simply a tube like A, without the 
lower attachment and the lateral capillary tube above ; the 
funnel M being retained, and two platinum wires are fused 
into the glass near the top, to give the spark for ignition. It 
is only necessary to clamp this tube down upon a piece of cork 
in a vessel of water during explosion, and adjust the water 
level in a tall cylinder of water when making the readings of 
contraction and absorption of carbonic dioxide. 

The whole analysis can be readily completed in forty-five 
minutes, and with due care gives results that are practically 
correct. Analyses done with an Orsat apparatus, with great 
care, gave results almost identical with those obtained by the 
above described apparatus in one-fourth the amount of time. 

The great advantage of this apparatus over the single tube 
method is, that the gas is not submitted to the action of the 
water used to wash out the chemicals, which I have found to 
reduce the volume of the illuminants by two per cent. 

Of course this method will not compare with the methods 
ofBunsen and others, where very delicate readings and nice 
precautions are taken, but it gives very good results for rapid 
work, and answers ever)- purpose in every-day practice in a gas 
or metallurgical works. 

The water used in the apparatus should be of the same 
temperature as the room in which the analysis is made, and 
by careful handling little or no chemicals get into the bottle L. 

When working in a warm place the tube B should be sur- 
rounded with a water-jacket, to prevent change of volume in 
the gas while under treatment. 
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SANITARY CONDITION OF CITY HOUSES. 

Bv F, N. OWEN, E.M. ('78). 

It is proposed in this article to show briefly the machinery 
of the Board of Health in its " Complaint Department," and, 
secondly, to indicate the more important defects in the sanitary 
condition of city houses. 

The city is divided into ten districts, each of which has a 
sanitary inspector assigned to it. These inspectors are phy- 
sicians, and besides caring for disease and the general sanitary 
condition of their districts, are required to examine into the 
causes of nuisances complained of by citizens, and to apply 
such simple remedies as the placing of traps, ventilating of soil 
pipes, cleaning of privy vaults, repairing of leaders, and the 
like. They cannot, however (being physicians), be always ex- 
pected to design or test sanitary appliances, or to take the 
time to investigate intricate cases, and it is in the study of 
such cases of house-drainage, sewerage, plumbing arrange- 
ments, water-supply, and ventilation, where radical changes are 
necessary to render a building safe to live in, that the engineer 
is employed. Quite recently the engineers have had districts 
assigned to them, and besides the work mentioned above, have 
the examination and supervision of the drainage, ventilation, 
and plumbing of new buildings, in accordance with the Plumb- 
ing Law passed in June of this year. 

All inspections are made on notices of nuisance, which 
may be either complaints or requests for examination by own- 
ers. In the former case, orders for necessary alterations to 
abate the nuisance are served on the owners, and the premises 
are re-in.spected, to see that the work has been properly done. 
Should the owner fail to comply with the order, the law is 
used to compel him to do so. In the latter case, after examin- 
ation, a report in the form of a letter is sent to the owner, with 
recommendations, and the case is there dropped by the Board, 
with the feeling that if the person was intelligent enough to 
recognize the need of an examination, he certainly would also 
be willing to comply with the recommendations. In any case, 
only such repairs or alterations are demanded as will abate the 
, in the case of a dwelling, render it safe to live in. 
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The engineer is obliged to confine himself to general principles 
in making his orders, as the Board cannot recommend any one 
particular appliance. Even the foot-trap, breaking the connec- 
tion between the house-drain and the street sewer, has not 
been insisted on in old houses ; but it is to be hoped that the 
time is not far distant when a measure equally important with 
the ventilation of soil-pipes (which is now required) will be in- 
sisted upon with equal rigor. The substitution of the " school 
sink," for the old-fashioned privy vault is insisted upon ; and 
this is required, not because it is the best appliance that will ever 
be invented to meet the requirements of the case, but because it 
is the best one known at the present time. It has its disadvan- 
tages, such as tendency to freeze in winter and to become offen- 
sive if not regularly discharged, but when one comes to compare 
it with the foulness of the privy-vault — perhaps cleaned once a 
year, always leaking, and oftentimes built of stone, laid dry — 
the superiority of the school-sink is immediately seen. The 
writer remembers a case where the cellar of the building was 
used as a bakery, the oven extending from the rear wall out 
under the yard. In the yard was an old brick privy-vault, 
decidedly the worse for wear, leaking badly and saturating the 
sides of the oven with sewage ; and yet the business was a 
thriving one, if one could judge by the variety of bread and 
cake displayed. In such a case, especially if it be in a densely- 
populated quarter, and is used by from ten to twenty-four 
families, a school sink is ordered in, the old privy-vault being 
first disinfected, cleaned, and filled with fresh earth. In mak- 
ing such an order, the engineer also sends to the Board a dia- 
gram, showing the location of the premises with reference to 
the surrounding houses. This is probably the most offensive 
nuisance that a health officer has to attack, but it is by no 
means the most dangerous to health. 
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The above table gives a statistical record of one hundred 

,,<„u..u :..Goo^lc 



SANITARY CONDITION OF CITY HOUSES. 13 

and seventy-three cases, compiled from notes made by the 
writer, and shows the more glaring defects in the plumbing 
and drainage of New York houses, and the proportion in 
which they are distributed between tenements and private 
dwellings. 

Brick drains are occasionally found among the older tene* 
ment houses, but owing to the rigorous measures of the Board 
they do not now exceed five per cent. 

About fifty per cent, of the earthenware house-drains found 
in city houses are defective, owing to improper laying. Scarcely 
ever arc they found bedded in cement, and generally have so 
slight a fall that, not cleansing readily, they become obstructed, 
the joints open, and the soil of the cellar becomes saturated 
with sewage. Ignorance on the part of plumbers has a great 
deal to do with the defective work in our houses. The writer 
knows of a case where a plumber (?) was found in a cellar, lay- 
ing an earthenware drain with the spigot ends against the cur- 
rent I Under the good influences of the Plumbing Bill it is to 
be hoped that such work will no longer be possible. 

Privy vaults are confined to the tenement-houses, and are 
fast giving way to school-sinks ; and in small houses of three 
or four families, to water-closets. 

It will be seen from the table that defective iron pipes are 
equally divided between private dwellings and tenements. 
This is due to the fact that the cause of defect is the same in 
both classes of building, viz. : improper caulking. Oftentimes 
pipes are found put together with cement, and even common 
mortar; and where the stack of soil-pipe is set in a chase, 
even the lead caulking is sometimes defective, from the diffi- 
culty of getting at the parts next the wall. 

Insufficient ventilation of soil-pipes by pipes of smaller 
size is much more frequent in private dwellings than in tene- 
ments, and is probably due to the fact that when, some years 
ago, the theory of ventilation of pipes was taken up, it was not 
generally recognized that the full-size pipe was necessary ; so 
that in private houses, where no organized inspection has been 
made, they are not brought to light till some complaint is 
made against the house. 

The use of the soil-pipe for a rain-water leader is not very 
common (about four per cent), but where such is the case, that 
part of the soil-pipe between the highest fixture and the roof 
is generally of tin and in a very defective condition, resulting 
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in the part of the house through which it passes being perme- 
ated with sewer gas. 

As with the insufficiently ventilated soil-pipes, so with the 
non-ventilated : the tenement-houses are better off than pri- 
vate dwellings by more than two to one, on account of the 
tenement-house inspection. 

The same reason will account for the figures in the column 
of " No Traps," which has reference, of course, to sinks, basins 
etc., and not to water-closets. 

Tlie figures in the column for " Wet Cellars " refer to those 
that are not merely damp, but absolutely wet. About ninety 
per cent, of the cellars of New York are damp, if not wet. 
This is due to — 

First. — Bad subsoil drainage, or none at all : none at all be- 
ing the rule. The cellar floor, when cemented or flagged, is 
often graded to drain into a pipe, discharging into the house- 
drain, and provided with that worst of all traps — a " bell trap." 
When this is the case, the cellar is pretty certain to be in di- 
rect communication with the sewer. 

Second. — Many cellars have no means for through ventila- 
tion. AH have windows in front or rear, but probably not 
more than fifty per cent, have them at both ends, and in many 
cellars where such is the case they are closed so as to be prac- 
tically useless. Others again are intended to be ventilated by 
an air-shaft extending to the roof, covered with an almost 
tight skylight, and provided with windows on each floor for 
the lighting and ventilation of water-closets or inside rooms. 
The result of this arrangement is that the cellar is more or less 
ventilated through these windows into the rooms. The inward 
current of air Is perceptible at almost all such windows, 
especially during the winter, when the rooms are heated arti- 
ficially. 

Third. — I think it will be found, on careful investigation. 
that the dampness of cellars is largely due to percolation of 
surface water from the streets. The cellars, separated only by 
the house walls, and lying far below the level of the surround- 
ing ground, act like huge catch-basins, taking the water as it 
percolates from the streets on the one side and the yards on 
the other. Owing to the unevenness of our street pavements, 
and the large spaces between the stones, the surface water 
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readily settles into the ground, and finds its way into the cel- 
lars, to the detriment of the health of the inmates of the house. 

The writer hopes to show, in a future article, the effect of 
damp cellars and cellar air upon the atmosphere of city houses. 

The defects in water supply are mostly the direct commu- 
nication of cistern wastes with sewers, allowing the gases to 
come in contact with the water and be absorbed by it. 

The last defect mentioned in the table is only noticeable 
during the winter, when any openings in the air-duct feed cel- 
lar air into the furnace, to be heated and distributed through- 
out the house. 

The limits of this article will not permit a more detailed 
description of the defects in the sanitary condition of city 
dwellings ; but it is hoped that enoijgh has been said to point 
out the more glaring ones, and assist the engineer in making 
his first attack on that great enemy — sewer-gas. 



INACCESSIBLE DISTANCES IN SURFACE AND 
UNDERGROUND SURVEYING. 



By H. S. MUNROE ('69) anu J. W. DAVIS ('78). 

Bv computing the latitudes and departures of a compass 
survey, or the co-ordinates of a traverse line, we have the 
means of supplying the bearing (or angle) and the length of 
otie missing side of the polygon. 

It frequently happens, however, that one station of the sur- 
vey is inaccessible, and while we are able to take the bearings 
of all the courses, either directly or by back-sight, there re- 
main two unmeasured distances to be supplied. Or, again, 
two sides, not adjacent, may be inaccessible, and, as before, 
we are able to determine the bearings, but cannot measure 
the lengths of these two sides. 

The computations in such cases become complicated and 
tedious, and the present discussion has for its object the short- 
ening of the work by means of formulie of general application. 
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Let ^=bearing oi the first unmeasured course, 7, 8, of the 
survey, 

5=bearing of the second course, 8, i. 

C=angle between the courses. 

Z.=:total latitude, and 

/?=: total departure of the two unmeasured courses, ob- 
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tained by computing the total latitudes and total departures of 
the measured courses, ij 2 to 6, 7, 
Let 4^=length of the first course. 

J*— length of the second course. 
We shall then have : 

i=(lat. j:+lat. y)—x cos. A -!t-y cos. B. 
Z?=(dep. jr + dep.j')=4: sin. A+y sin. B. 
Multiply (2.) by coL B. 

D cot, B=x5in. A cot. B+y cos. B. 
Subtract (3.) from (i.) and solve with regard to x. 

L~D cot. B 



(2-) 



(3.) 



cos. j4— sin. A cot. B 

Multiply both numerator and denominator by sin. B. 
L sin. B-D cos. B 



sin. (^-.5) 



DqoedovGoOt^lc 



INACCESSIBLE DISTANCES. ] 

; substituting for sin. (A—B) its value ; 
_ L sin. S—D COS. B 
^~ sin. C 

In like manner we have 

/)cos. A—L sin. A 



(4.) 



(s.) 



sin. C 

By taking into account the signs of the different quantities, 
the above formulas (4.) and ($•) will solve any case that may 
arise, not only when the unmeasured sides are adjacent, as in 
the figure, but any two sides of the polygon, e.g., sides, 7, 8, 
and 4, 5 ; provided only that tlfC courses are not parallel, or 
nearly so, as 7, 8, and 3, 4. 

The following table gives the proper signs in a convenient 
form for reference : 



Sic»gf£. aiidiJ. 



Siini of fuDcdsn* ot A *Dd B. \ 



Dep. W. ! D is ■ 



N.E. bearing; 1 
S. E. bearing ; s 
S.W. bearing ;s 
N.W. bearing; 



To find value of C. : 

C^=-{A—E) if courses are in same or in opposite quadrants. 

C=(A + B) if the courses are in adjacent north or adjacent 
south quadrants. 

^"=180°— (^ + ^ if courses are in adjacent east quadrants 
or adjacent west quadrants. 

EXAMPLE ; 



I>epuTur«. 



1)331 vtoD yia i. 

J> 32a aioD 32* ( , 

DyizyloMyjioa. 
Jf 37100 to Z^ 311 V. 



East. 
N.7IJE. 
S. 13+ E. 

South. 
to' lo' W. (A) 
. fo" ao' E. {B) 



60.56 I 



Here the point ^37 10 <z was on one side of a deep ravine, and 
the character of the ground on the other side made it impossible 
e a straight base, the ends of which would be available 
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for tri angulation. Sights on the inaccessible station M yjio a 
were therefore taken from the end stations of a short traverse. 
From the above table we find that, in order to balance the 
latitude and departure columns, the total latitude of the two 
unknown courses must be 43.49 North, and the total departure 
.60.56 West. Substituting in the formulas — 



x=Di22y to J/37lo< 



_43.49 X sin. 80° 20' +60. 56 x cos. 80° 20' 
~ sin. 8° so' 



„ ^ _ 6o.56x(r«.89°io'+43.49x«'«-89°io' 

y=Mi7ioa to D^2\ v— — ^ ■ 00 ,„/ 

■f •" ■' fin. 8° en 



Solving, with the aid of logarithms, 
X = 345-41 



: 288.91 



As a check, the latitudes and departures of the two sides 
should be computed, and the survey closed as below. 



Z'311 vto D 322 b, . East. 

£> iiii to D 3^1 a.. N. 71! E. 
Z>323a (003121.,; S. i3i E, 
£•322 a 10^3322^., I So-'- 
£>iiiy to MiJioa. S. 89' 
.^37ioa toZ'3211'. N. 80° 



W.l 



284.81 

I MS- 37 



345-37 
345-37 



The following example will illustrate an application of the 
formulae to a problem in mine surveying : 



1 










Baring. 






L.^^ 


















w. 






a-6.. 


S. 30° lo- W. 




86.87 




- 86.87 


*-',•-. ^'9° 4*; E. 












111.53 31.27 .... 1107,05 .... 








25.22 25.21! .... S<3 


- 95-63 


+ 20.6I 








f-A.-S. 0'29'E. 


206.43 .■■- 1206.43 '-751 ■■■■ 


-301.64 + 73.63 


^-.'..N. 57° 14' E. 






.-y..'N-3o° ow. 


416.33 360.55I .... 1 .... ,208.17 +344-68 




>-a..|S.4i^SS'W. 


463.22^ .... !344.68j .... 
■703.22 703.12 605.00 


309-46, 0. 




1 


"■: 








.;N. 33° i6' E.! 102.37 85-59 .-.- 56.15' .... I -9.6a;+iaa04 
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The courses b-c to f~k of the above survey are supposed 
to be in the gangways and shafts of a coal-mine. The re- 
mainder of the survey is over the surface. The side,_/-a, follows 
a property line. The gangways, e-ea aodf-g^, are to be driven 
up to this property line, or its prolongation, and no farther. 
Required, the distances from ea and from ^ to the line. 

_ —72.17 sin. 41° SS'— 20.17 COS. 41° S5' 
^~ -sin.4i°i' 

= 92.62, the distance from ea to the property fine. 

_ — 9.62 jt'ff. 41° 55'— 128.04 frt>5. 41° 55' 
^ - -sin. r 39' 

= 676.23, the distance from ^ to the property line. 

It is evident that these formulrc will have many applications 
besides those indicated. For example, the intersections of the 
side lines of United States patent surveys may be calculated, 
if necessary, with far greater accuracy than they can be deter- 
mined by plotting. The formulas could also be used to deter- 
mine the lengths of the sides of crooked claims. 



TO READ A COMPASS TO MINUTES. 

In using the compass for triangulation, as in the first exam- 
ple, it will be necessary to read the bearing to within a few 
minutes. When the compass reads to degrees only, and has 
no vernier, this may be done by means of a graduated card, 
fastened to a sight-pole at some convenient distance from the 
instrument. At ten feet a card two inches long subtends al- 
most exactly one degree, and therefore one-third of an inch 
equals ten minutes. Place the zero of this graduated card 
accurately in the line of sight, and then turn the instrument till 
the needle coincides with nearest degree-mark. On sighting 
again at the card the number of divisions will give the minutes 
with sufficient accuracy for most purposes. 
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ON ELECTRO-SILVER-PLATING. 

By CHARLES A. WITTMACK C8a). 

History. — After the simultaneous discoveries of Jacob!,' 
Jordan, and Spencer, in 1839, of practically applying the gal- 
vanic current to the precipitation of copper upon the surfaces 
of useful articles, ornaments, and the like, this art made rapid 
advancement. The great uses especially that the noble metals 
would find, if they could be similarly deposited, was at once 
recognized. In 1840, Messrs. Wright and Parkes, of Birming- 
ham, experimented on solutions of these metals ; but as there 
are only very few solutions that give good deposits, they were 
at first only partially successful.' 

During his studies, Mr. Wright met with a passage in 
" Scheele's Chemical Essays," in which there was a descrip- 
tion of the solubility of the oxides and cyanides of gold and 
silver, which was as follows : " If, after these calces {/>., cya- 
nides of gold and silver) have been precipitated, a sufficient 
quantity of the precipitating liquor be added in order to redis- 
solve them, the solution remains clear in the open air, and in 
this state the atrial acid (i.f. , carbonic acid) does not precipi- 
tate the metallic calx." ' 

Mr. Wright, thinking that this solution might be suitable 
for his purposes, dissolved some chloride of silver in an aque- 
ous solution of ferrocyanide of potassium. Upon connecting 
the wires of the battery he obtained a beautiful white coat of 
silver, adhering firmly to the metal underneath, which was, 
therefore, entirely suited for plating. He afterward made use 
of a solution of pure AgCy, with a little free KCy, and this 
has been found to be the most convenient solution up to the 
present time. This process was patented by Messrs. G. R. & 
H. Elkington, in 1840 — these gentlemen being proprietors of a 
large establishment in Birmingham, England. They paid Mr. 
Wright a royalty of one shilling for every ounce of silver de- 

' Athenieum, Maj' 4, 1839. • Gore ; Eleclro-Metillurgy, p. (9. 

- * Scbc«le'i Chem. Essays, pp. 405 and 406. 
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posited. Elkingtoti also took out a patent on the same pro- 
cess in France, and this was quickly succeeded by a patent 
taken out by De Ruolz for solutions of gold in cyanide of 
potassium, etc' 

During the year 1840, Professor De la Rive, of Geneva, 
described a process used by him in 1829, by which he plated 
wires of platinum with silver and gold. He, therefore, was the 
pioneer in the art of gold- and silver-plating,' 

Old methods of silver-plating. — Before the process of pre- 
cipitating silver by means of the galvanic current was known, 
two essentially different methods were employed for coating 
articles with this noble metal. The first and oldest of these 
was as follows : 

Silver was rolled out in very thin plates, pasted upon the 
articles to be plated, and then polished with steel or agate. If 
the covering of silver was to be at all durable, it was necessary 
to lay forty to fifty of such plates upon one another. 

This process was superseded by one in which a compara- 
tively thick sheet of copper was laid upon a thin sheet of silver, 
and having first been warmed, they were passed through heavy 
steel rollers. The silver and copper united, and could be 
rolled out to a thickness suitable for plating. These silver- 
plated sheets of copper were now worked by means of heavy 
steel dies. The simplest articles, as, for example, a candle- 
stick or a tea-pot, were soldered together out of many small 
pieces. The handles, ornaments and other small parts, were 
also stamped out of silver-plated copper, and afterward, the 
interior having been filled with another metal, were soldered 
to the lai^e parts. The dies were very expensive, being made 
of the best steel. The plated articles became unsightly and 
useless as soon as the silver was worn off, there being no pro- 
cess by which it could be replaced. 

Preparation of cyanide solution. — The solution which has 
been found the most suitable is that of the double cyanide of 
silver and potassium, containing a little free cyanide of potas- 
sium. This solution is made up by use of the battery or by 
chemical means. The former operation is conducted as fol- 
lows.' 

Dissolve 75 grms. of cyanide of potassium in 10 litres of 

■ EncydopMie Roret : Galvano-plast. , tome iL . p. 114. 

' Vide De la Rive's Treaiise on Eleclricity, vol. iil, p. 546. 

' Muspratt; Tlieor. »nd Prakt. Cheni, ^Ed. 187s, pp. 49, 50. 
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water, introduce a porous jar into the solution, and fill it up 
with the same solution. Place a copper or iron cylinder 
into the porous jar, and connect this with the zinc pole of the . 
battery. By using a Wollaston battery, consisting of four 
pairs of plates (the zinc plate being 15 ctm. broad), a silver 
solution of sufficient strength can be obtained in a few hours. 
By weighing the silver slab before and after the operation, the 
amount of silver dissolved can be ascertained. 

Gore gives the following method for making the solution 
by chemical means.' To four parts of grain silver add six 
and one-half parts by weight of strong nitric acid, and one 
part of warm water, being careful to maintain a moderate and 
uniform action until all is dissolved. Evaporate nearly to dry- 
ness, to expel the excess of acid. The resulting nitrate of 
silver is dissolved in water, in the proportion of one-half gallon 
to each ounce of silver used. Just enough of a solution of 
cyanide of potassium (2-3 parts of the salt in 20-30 parts of 
water) is now added to precipitate all the silver. Allow the 
precipitate to settle and decant off the supernatant fluid, wash 
by decantation 5-6 times with cold water. Now add a suffi- 
cient amount of a solution of 6-8 parts of cyanide of potassium 
in 20 parts of distilled water, so as to barely dissolve the pre- 
cipitate, and finally 3 parts more of the salt are added to fur- 
nish the free cyanide. Any residue should be removed from 
the solution and afterward treated for the silver it may con- 
tain. It is necessary to have free cyanide of potassium, be- 
cause in working the solution insoluble cyanide of silver is 
formed at the anode, and requires free cyanide of potassium 
to combine with it and form the soluble double cyanide. 

Cleansing of the articles to be plated. — In order to obtain a 
good coaling of silver, the articles to be plated should be most 
carefully cleaned and prepared. Two processes are now in 
use for this purpose, known as the dry and the wet process. 

The dry process consists in cleaning the article with fine 
sand or emery cloth, and then polishing it with pumice finely 
ground, applied with a wire brush. The polished surface 
ought not to be touched with the hand, as it would become 
greasy as well as oxidized in consequence. This mode of 
cleaning articles to be plated is but seldom employed, as the 
wet process is now generally used. 

' Elect. -Me tail., pp. 156, 157. 
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The wet process consists in dissolving a\vay all grease and 
the like by dipping the articles in potash solution.' Then the 
process varies according to the nature of the impurities on the 
surface and the metal underneath. .Articles of tin, lead, and 
Britannia metal may be placed in the depositing-vat immedi- 
ately after being dipped into the potash solution and washed. 
Iron articles are cleaned in a solution of dilute sulphuric acid 
(1 : 20 parts) in which a few ounces of zinc have been dis- 
solved. A number of liquids are required for copper, brass, 
and German silver, viz. : first, strong nitric acid, then a mix- 
ture of dilute sulphuric and nitric acid, with a little hydro- 
chloric acid, and lastly, a still more dilute solution of the same 
acids. 

Batteries. — For generating the electricity many batteries 
are made use of, Smee's battery being recommended as one of 
the best." 

About eighteen cells of this battery are generally made use 
of, the slabs of metal being 60 ctm. long and 22-25 ctm. broad. 
Magneto-electric machines have also come into use, and are 
now employed in the larger electro-plating establishments. 
The most celebrated of these are Wilde's,' Gramme's,' and 
Siemens' and Alteneck's.' 

Thermo-electricity is also used. There are two varieties of 
the thermo-electric pile which are very efficient — those of Nfje, 
of Vienna,' and Clamond,' of Paris. 

Plating. — The articles to be plated are suspended from the 
cathode or minus pole in the silvering solution, while a plate of 
silver is hung from the anode. As it often happens that silver 
deposits irregularly on a surface, giving it a striped appear- 
ance, arrangements have been devised in order to impart a 
slight motion to the articles suspended from the cathode and 
anode. Articles which are to be replated must first be thor- 
oughly cleaned from silver before a new coating is deposited 
upon them. This may be done by mechanical means or 
by suspending the article from the anode of the battery and 
putting a plate of silver at the cathode. The silver will sepa- 
rate from the article and deposit upon the silver plate at the 

■ Maspnlt : Pracl. Chem., p. 46, 

* GanoE : Phyric*, p. 811 ; Philos. Mag., June, 1873. 

' Electrical News, vol. i., p. 54; Ganol : Physics, p. 816. 

* Ibid., vol, L, p. aa6. ' Teleg. Journal, yol, i., p. la, 

* Ibid., voU tii., p. 157, utd vol. iii,, p. 319 ; Uanot; Physic^ p. S44. 
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cathode. By simply changing the poles, the silver can be de- 
posited upon the article to be plated. To deposit silver upon 
copper, brass, or German silver, they are first coated with a 
, thin film of mercury, causing the silver to adhere more firmly. 
This operation is known as quickening. The nitrate or cya- 
nide of mercury is the salt generally used. A great part of the 
better qualities of plated ware is covered with a very thin film 
of palladium, to prevent the action of sulphuretted fumes on 
the silver." 

Special Methods. — Among the various special methods may 
be mentioned that of Boettger' for plating cast-iron with sil- 
ver. He makes use of nitric acid (specific gravity 1.2) for 
cleaning the cast-iron, and then uses a silver-bath of the fol- 
lowing composition : I part nitrate of silver is dissolved in 16 
parts of distilled water ; this is precipitated and redissolved by 
adding 2 parts of cyanide of potassium, and then the whole is 
diluted by adding 48 parts of water containing i part of chlo- 
ride of sodium, the battery to be used consisting of two to 
three cells, moderately strong. Towle ' invented a process for 
silver-plating the interior of lead-pipes. To electroplate over 
soft solder, clean the articles well with caustic potash, dip 
them in red fuming nitric acid, and then wash thoroughly. 
The soldered portion is then dipped in a very dilute solution 
of cyanide of mercury and potassium. They are then rinsed 
again, and placed in the plating-vat.' 

Bright silver surfaces may be obtained by the addition of a 
small quantity of bisulphide of carbon to the silvering solu- 
tion.* Silver so deposited is not pure, as sulphur may be 
found in it by dissolving it in nitric acid and determining the 
sulphuric acid by the ordinary method. If a bright silver de- 
posit is not immediately immersed in boiling water and left 
there for some time, it will turn black. Silver is often de- 
posited from ordinary cyanide solution, and then made shining 
by mechanical means. 

Finally, a few remarks on the ornamentation of silver-pla- 
ted articles might here be appropriate. If it is desired to 
obtain a " dead appearance" upon a surface of silver, deposit 
an exceedingly thin fihn of copper upon it from a solution of 
the sulphate, and upon this again a thin film of silver. " Oxi- 

■ Wagner : Chem. Tech., p. llS. *Gore: Elect.-MeUU., pp. \^*xiA-^\. 
' DideI. Joarn., 191, p. ssa * Ibid., pp. 167, 16S. 

■ Ibid., 30I, p. 49. 
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dized silver," as it is termed, althougli it does not consist in 
coating a deposit of silver with its oxide, as its name would 
indicate, is made by dipping silver articles into a hot solution 
ofplatinic chloride, the platinum separating in a finely divided 
state, and giving the silver a tint varying from a steel-gray to 
a deep bluish black. " Nielled silvering " consists in inlaying 
the surface with sulphides of silver, previously prepared, and 
causing them to adhere by heating them in a muffle. 

Silver surfaces are often gold-plated. This is done by 
covering those parts not to be plated with copal varnish, which 
protects them and allows the gold to adhere to the bare parts 
only. 



THE MARQUETTE IRON REGION.— I. 

Bv THE STUDENTS" OF THE SUMMER SCHOOL OF PRACTICAL 
MtNING, LAKE SUPERIOR, 1881. 



The "Marquette Iron Region" is situated within the 
county of Marquette, a central county of the upper peninsula 
of Michigan, bounded northeast by Lake Superior, and south- 
west by Wisconsin, and drained by the Escanaba, Michi- 
gamme, and Mequacumecum Rivers and other streams. 

The rock-formations of the district are embraced under three 
systems, which, beginning with the oldest and lowermost, are ; 
I. The Laurentian, or granitic rocks; 2. The Huronian, or 
iron-bearing rocks ; and 3. The Lower Silurian, or sand- 
stone rocks. 

The Laurentian System^ the oldest on the peninsula, ex- 
tends southeast to Lake Ontario and along the north side of 
the St. Lawrence to the sea. The rocks, with few exceptions, 
are metamorphic or crystalline. They include granite, gneiss, 
and some mica-schist. Besides these there are quartzyte, do- 
lomitic conglomerate, pyroxene rocks, syenyte and dioryte ; 
certain feldspathic rocks, especially labradorite, and occasion- 
ally hypersthenyte, consisting of cleavable labradorite with 

required o( each student of the Summer 
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true foliated hypersthene. Apatite, mica, graphite, and other 
minerals occur, disseminated through the crystalline limestone. 
Chloride giieiss of all varieties of color especially abounds. 
The beds of rock constituting the system are usually tilted at 
high angles, the whole series having been upturned and flexed, 
broken and displaced, until little evidence of the original depo- 
sition — in horizontal strata — remains. 

The Huronian System. — The rocks of this system lying un- 
conformably upon the Laurentian rocks, thus showing their 
later origin, consist of dioryte, chloritic schist, quartzyte, beds 
of jasper, and layers of slates and shales among which are 
found extensive beds of iron-ore. The rocks of this series 
have for the most part been tilted, the inclination varying 
from a few degrees to vertical. They have been raised into 
folds or crumpled into groups of irregular flexure, forming a 
series of irregular synclinal troughs, separated by anticlinal 
domes or crests, and at times, by reason of their upturned 
edges, imparting to the district its topographical conflguration. 
The prevailing rocks are diorytes and dioryte schists, locally 
termed "greenstones" or "traps." They are hard, com- 
pact, heavy, tough, medium-grained rocks, from dull light 
green to blackish green in color, and consist essentially of 
amphibole, showing in minute glittering blades or facets of 
greenish gray or grayish white feldspar, with quartz, calcite, 
and mica — the latter disseminated throughout the mass in 
minute scales, usually of a brown or brownish yellow tint. In 
these rocks there appears to be no well-defined lamination. 
No marked arrangement of the minerals in parallel planes can 
be discerned. All appearance of stratification is lost, and 
hence it is often difficult to determine the dip of the beds ex- 
cept with the aid of the schists and slates and other more 
plainly stratified members of the same group. Associated 
with the hard ores of the region is a soft, compact, homo- 
geneous, fine-grained magnesian rock, chtoritic or talcose in 
character, and consisting of grayish white quartz in minute 
granules, of scales of olive-green or blackish green chlorite, 
and occasionally of crystals of amphibole and particles of feld- 
spar and mica. It is frequently found overlying the ore-bed, 
and this being the case, the hanging wall in places, in many of 
the mines, is rendered exceedingly dangerous. As a rule, it 
is considered better policy to take down this rock and reach 
the solid quartzyte, which, throughout the region, is the true 
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hanging wall of the ore. This upper quartzyte, which differs 
from the lower quartzyte bed in that the latter is often cal- 
careous, is a rather brittle, hard, tough, compact rock, of 
moderate fineness of texture, possessing usually a light or dark 
gray color, sometimes inclining, however, to reddish or light 
chocolate-brown, from the presence of ferric oxide. It is 
massive, rarely showing any signs of bedding, and at times 
merges into jaspery quartz conglomerate composed of peb- 
bles of white or glassy quartz and jasper. 

In addition to these three classes of rock, the identifying of 
one or more of which in any locality in the region is so essential 
a step to the discovery of the ore-deposit itself, there are also 
foundmoreorlessrcgular beds of mica-schist, containing crystals 
of staurolite and andalusite ; beds of anthophylHtic schist, a rock 
composed of anthophyllite and quartz, usually with minute grains 
of magnetite, giving it its customary brown or brownish black 
color, and often showing the presence of manganese ; also beds 
of a black or bluish black shale, hard, compact, and fine-grained 
containing a small percentage of carbonaceous matter. 

Major T, B, Brooks, in his report, " Geological Survey of 
Michigan, 1873," g'ves a complete classification of the rocks 
of the Huronian System, making use of Roman numerals, I. 
to XIX., to designate the different beds recognized by him, 
I., II,, III., and IV. are beds of siliceous ferruginous schist, 
alternating with chlorite schists and dioryte, the relations of 
which have not yet been fully determined. V, is a quartzyte, 
sometimes containing marble and beds of argillyte and novac- 
ulyte. VI., VIII., and X. are beds of siliceous ferruginous 
schist. VII., IX., and XI. are diorytic rocks, varying much 
in character. XIII. is the bed which contains all the rich specu- 
lar and magnetic ore deposits, associated with mixed ore — the so- 
called "jasper," and with magnesian schist — " chlorite." XIV. 
is a quartzyte, often conglomeritic ; XV. is argillyte or clay- 
slate ; XVI. and XVII. somewhat uncertain, the former con- 
taining some soft hematite deposits ; XVIII, is doubtful ; XIX. 
is mica-schist, containing staurolite, andalusite, and garnets. 

The Lower Silurian System is represented on the upper 
peninsula by the Potsdam and calciferous sandstones, and by 
various deposits of limestone in rather small beds. The sand- 
stones vary in color from almost white in the upper to a red in 
the middle and lower formations. Many of the beds furnish 
an excellent stone for building purposes. 
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The several beds of the Huronian System — the iron-bear- 
ing rocks — with numerous minor folds and corrugations, form 
a broad, synclinal basin, which extends from Marquette west- 
ward to a distance of nearly fifty miles. The general trend of 
the formation, which, however, is subject to great local irregu- 
larities, is east and west, and most of the numerous iron de- 
posits scattered throughout the district are contained in strata 
forming minor folds, which conform in direction to the axis of 
the main synclinal trough. 

The iron region may be divided into the (l) Negaunee, (2) 
Michigamme, (3) Escanaba, and (4) L'Anse districts. These 
divisions may be conveniently carried still further, by a sub- 
division of the Negaunee district into the Cascade range, 
Negaunee hematite mines, Ishpeming group, New England and 
Saginaw range. The Michigamme district may, in like manner, 
be divided into the Washington, Spurr, and Magnetic ranges, 
and the Republic basin. 

W. A. Shumway. 
D. B. ToucEY. 

HISTORICAL. 

The first information of the existence of iron in this region 
is largely due to the Government surveyors, who, under the 
direction of Dr. Douglas Houghton, the first State Geologist 
of Michigan, were required to combine geological and topo- 
graphical observations with their linear surveys, and to record 
the results upon their maps. Dr. Douglas Houghton first 
visited Lake Superior in 1830, though it was not until the fol- 
lowing year that his work of systematic scientific exploration 
was begun. His report to the Legislature in 1841, after ten 
years of careful and active toil, presented the results of his 
labors up to that period in so able a manner that the attention 
of the East became directed to the upper peninsula as promis- 
ing to richly reward further exploration and the investment of 
capital. 

At the time of his report {1841), Dr. Houghton had no 
knowledge of the existence of iron-ore in large quantities, his 
geological investigations in the interior of the country having 
been entirely confined to the copper region. In 1841 the State 
of Michigan, owing to a financial crisis, withheld its annual 
appropriation for the geological survey, which, for twelve 
years had been so successfuUy conducted. Dr. Houghton then 
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sought assistance from the General Government, and succeeded 
in having an additional allowance granted for the linear sur- 
veys. He himself took the contract for the completion of the 
surveys, the Hon. William A. Burt, United States Deputy 
Surveyor, being placed in charge of the field work, receiving 
as compensation the whole amount of the additional appropri- 
ation. In the summer of 1844, Mr. Burt, in company with a party 
of United States Surveyors, first noted the existence of iron- 
ore in place, while running the east line of T, 47 N., R. 27 W. , 
being led to the discovery by observing, by means of the solar 
compass, remarkable deflection of the needle, amounting to 
over eighty degrees from the normal. A search on either side 
of the line revealed the presence of outcrops of magnetic iron- 
ore, specimens of which were secured and described by him in 
the report accompanying the linear surveys. This was un- 
questionably the first discovery by white men of iron-ore on 
Lake Superior, though the credit of having given to the world 
information of the existence of workable deposits of merchant- 
able iron-ore was reserved for S. T. Carr and E. S. Rockwell, 
who were members of a party organized under P. M, Everett, 
at Jackson, Mich., in June, 1845, for the purpose of exploring 
the mineral regions on the south shore of Lake Superior. 
Their discovery, due in large measure to the guidance of an 
Indian chief named Manjekijik, was afterward developed, and 
is now known as the Jackson Mine, situated in the city of 
Negaunee. The first ore was taken from the mine in the 
summer of 1846, and the first regular shipment, of about 5,000 
tons of ore, was made in the year 1856. 

The early Jii story of the operations of the company up to 
i860 is but a record of changes, disappointments, and finan- 
cial embarrassments. In 1861 a new board of directors was 
chosen, and in 1862 the Jackson Company declared its first 
dividend, since which time the mine has yielded nearly two 
millions gross tons of ore. 

The above brief sketch is important only as showing the 
progress in the development of the Marquette region, the 
Jackson mine being the first opened, and its history that of 
many other companies. It is interesting to note that the pur- 
pose of the company at the time of its organization was to 
mine ores of more valuable metals than iron. 

W. A. ShumWAY. 
D. B. TOUCEY. 
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CHARACTER OF THE ORE-BODIES. 

The Champion Iron Mine is located about eighteen miles 
from Marquette, on the line of the Marquette, Houghton and 
Ontanagon Railroad, and lies between the Michiganime and 
the Republic Mines. 

The deposit lies in one of the minor folds of the iron-bear- 
ing rocks, which outcrop at this place on opposite sides of the 
basin, about three miles apart. The position of the ore de- 
posit is very nearly due east and west, and is nearly vertical, 
having a dip of 83° to the north. 

The ore-bed consists of a number of " lenses " or separate 
masses of iron-ore of an irregular flattened form. These lens- 
es are found slightly overlapping, and the west edge of one 
lens is usually found to the north side of the one next follow- 
ing.' This position of the lenses is shown in the accompany- 
ing plate, Figures 1 , 2, 3 being horizontal sections through the 
ore-bodies at the surface and at different levels.' The ore- 
bodies pitch about 45° to the west. 

The lenses are distinguished in this mine as those forming 
the south belt and those of the north belt. Shafts Nos. 2 and 
3 are sunk in the north belt, and Nos. 4 to ^ in the south belt. 
South of these two main groups are several smaller deposits of 
very irregular shape, known as the " Chimney," the " Old 
Man's Deposit," etc. 

The foot-wall of the ore-bed is dioryte and the hanging 
wall quartzyte. Chloritic schist occurs in large quantity between 
the lenses and forms in nearly every case the rock-bedding 
under the different lenses. The true foot-wall (dioryte) of the 
ore-bed has not yet been reached in the underground work- 
ings, and the thickness of the bed is estimated to be from lOO 
to 1 50 feet. Jasper * occurs mostly on the foot-wall side of the 
, lenses and back of the chlorite-schist. In one case it was 
noticed to be in contact with the ore and forming a dividing 
wall between two adjacent deposits. 

' And the lower edge of the lens seems usually to lap the one below on the 
huiging wait side, in this ca^ also to the north.— Ed. 

' These " lenses " have shapes somewhat like pea-pods, and usually occupy in- 
clined positions in the ore-bearing stratum, the longer axes more or less parallel, 
dipping to the north with the enclosing rocks, but by reason of tlievr diagonal posi- 
tion having also a " [utch " toward the west. — Ed, 

'The term "Jasper" is in the iron region usually applied to a low grade siliceous 
mixed ore, coosbting of thin altemoliag Uininee of oretuidJMper. — Ed. 
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The shafts are sunk near the hanging wall of the ore-bear- 
ing stratum, and the exploration and development of the mine 
proceed at the same time toward the foot. 

If the theory of the accumulation of the ore by the trans- 
porting and oxidizing action of water be accepted, it may be 
assumed that we have in these deposits a number of beds of 
former lakes which stretched along in a broken series from the 
Michigamme to the Republic Mine. 

The peculiarity of position of the ore-deposits seems to show 
that at one time a neighboring water-shed gave the surface- 
drainage this east and west direction, while the local topogra- 
phy caused the water to accumulate in shallow lakes, in which 
the conditions were favorable for the deposition of iron. The 
abundance of small streams and of granitic rocks, and the 
similar position of many small chains of lakes in the surround- 
ing country at the present time, seem to indicate conditions 
similar to those which prevailed during the age of the iron 
deposits. The ore produced under such circumstances is limo- 
nite, which subsequent metamorphism transforms into magne- 
tites and hematites. 

The very low percentage of phosphates and earthy sedi- 
ments in the ore of this mine seems at first sight irreconcilable 
with a sedimentary origin, and the very remarkable accumula- 
tion and overlapping of the lenses in the ore-bed requires 
further careful study to construct a theory which shall account 
for all the facts observed. The overlapping and grouping of 
the lenses may, perhaps, be attributed to the occurrence of 
cycles in the history of the formation of the ore-beds, due to 
disturbing causes, whose effect was to suspend for a time the 
deposition of the iron-ore and to shift slightly the position of 
subsequent accumulations. 

The Champion Iron Mine is a good on£ to study in this con- 
nection, from the general simplicity of the deposits and lack of 
complication by serious faults. 

Finally, it may be remarked that one is struck with the fact 
of some agency at work in sorting the materials of the rocks 
on the hanging wall side of the deposit. These rocks above 
the iron-ore consist of quartzyte (hanging wall) overlaid by 
beds of varying thickness of clay, slate, and talcose-schist. 
Imagining a section of one of these ancient lake-beds, the 
foreign substances brought in by streams would consist of the 
detrita of the surrounding rocks, so that in the order of their 
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specific gravities we should have first the iron as a deposit 
on the bottom, covered by quartz-sdnd in a more or less 
fine degree of comminution, forming the jasper and quartzites 
of the present deposit. Above the sands we should find de- 
posits of clays, fine mud, and silt, which would form the clay- 
slates and talcose -schists of the present day. The forces 
most actively at work in making these separations may be 
credited to the wind and rain acting through long periods of 
time upon the surface of the lakes, and, while they lasted, 
tending to communicate through the water a sort of jigging 
motion to the sediments at the bottom. 

C. Q. Payne. 

The above suggestions of Mr. Payne open up a very inter- 
esting train of thought. That the mechanical action of water 
has played in certain cases a very important part in the forma- 
tion, or rather in the concentration and purification of these 
deposits of very rich ores, can hardly be doubted. This me- 
chanical action, however, is probably more nearly akin to 
buddhng than to jigging. To concentrate by jigging, we 
must have very positive upward movements of the water and 
the sands, followed by short periods of rest, to allow the 
quick-falling grains of heavy mineral to separate themselves 
gradually from the slow-falling grains of quartz, clay, etc. 
This positive upward movement could hardly be effected by 
any agency acting on the surface of the water. Again, we 
must provide for the removal of the lighter materials from the 
bed of the lake, and that this removal shall be faster than the 
inflow of earthy matter at the upper end, in order to have any 
concentration or enrichment of the iron deposits at the bottom. 
In the case of a lake fed by streams, however, the water would 
flow out at the lower end clearer than it entered above— the 
lake acting as a settHng-basin. It is clear, then, that the de- 
posit formed at the bottom would be no richer, on the average, 
than the sediment flowing in. There might be local patches 
of concentration, due to wave-action on the shores of the lake, 
or to the deposition of heavy sediment at the mouths of small 
streams, and to similar causes ; but the deposit would be like 
the immense beds of " mixed ore " found in the iron regions, 
and would consist of low grade ore interstratified with beds of 
sand and clay. Occasional storms might stir up the lake, so 
that the outflow would for a time be muddy, but this would 
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be only temporary, and any slight concentration due to this 
cause would be nullified by the constant inflow of fresh sedi- 
ment above. 

We must look, therefore, to the action of running streams, if 
we would account for the occurrence of these masses of pure 
ore by any theory of concentration by water ; that, is to a 
method of enrichment similar to the operation of huddling in 
the dressing-works. The most common form of buddle con- 
sists of a rectangular box, with low sides and tilted up somewhat 
at one end. A stream of water is arranged to flow through 
the buddle, the bottom of which is carefully levelled crosswise 
50 that the stream may spread uniformly in its passage across 
the whole width of the box. The sands to be concentrated 
are fed into this stream of water. The heavier sands settle at 
once near the head of the buddle, while the lighter sands are 
carried toward the lower end. The very finest and lightest 



clays and sands do not settle at all, but pass through the box 
and out at the lower end. When the buddle is full the con- 
centrated heavy mineral is dug out from the head or upper 
end of the box ; a product of medium richness, " middlings," 
from the middle ; and a poorer grade of mixed ore and gan- 
gue from the lower end. 

The above section, constructed from data contained in 
Major Brooks' report,' and based on a careful map of the 
Edwards Mine, by Mr. A. Kidder, of Marquette, throws con- 
siderable light on the probable origin of many similar com- 
pound and complex lens-formed deposits. .The four lenses 
shown in the section, with the intercalated seams of chloritic 
schist, suggest in their arrangement the false-bedding or cross- 

' Geol. Survey of Michigan, voL L, pp. 121-125 J "^'^ P'*'" XIX., oppoiile 
p*ge 278, >nd Map No. VIII. of Atlas. 
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bedding sometimes found in sandstone strata. This false bed- 
ding is due to the action of running water depositing sediment 
in successive layers on a sloping bank. For example, during 
and after a freshet, any stream heavily charged with sediment 
will deposit beds of sand having this structure in the pools and 
wider portions of its bed. Magnetic iron sand derived from 
the erosion of metamorphic rocks, or limonite sand from bog- 
ore deposits above, would be deposited even where the cur- 
rent was swift, the stream forming a natural buddle, all the 
sand and clay being carried onward and only the pure ore left. 
As the freshet subsides and the velocity of the current becomes 
less, a thin film of mud will be deposited on the iron ore, 
forming when metamorphosed the chloritic and talcose schists 
and soapstones. The iron sand thus deposited by the stream 
would resist erosion in subsequent freshets, especially in the 
richer and heavier portions at the head of the natural buddle. 
The lighter "tails" of the deposit would generally be swept 
away, forming a place for a new deposit beyond and over- 
tapping the old one. The ore-bodies of the Edwards Mine, 
above figured, conform in a striking manner to all the charac- 
teristics of such a deposit, not only in their position and 
arrangement, and the overlying and intercalated beds of schists, 
but the pure ore is in each case at the head, and the mixed ore 
at the tail of the natural buddle, as indicated in the sketch. In 
the right hand lens the mixed ore seems to be absent, the 
tail of the buddle having been removed by erosion before the 
other ore-bodies were deposited. Another ore-body, not 
shown in the sketch, shows the same arrangement, the rich 
ore at the head and the mixed ore in its proper place down- 
stream. 

A study of the ore-bodies of the Champion Mine, as shown 
in the maps accompanying Mr. Payne's memoir, and as figured 
in Major Brooks" report, furnishes additional evidence in sup- 
port of this theory. The down-stream lenses seem, in some 
cases, to hav); been deposited first, as the up-stream lenses lap 
over them ; but the arrangement of the ore is the same in every 
case, the rich ore at one end and the mixed ore at the other. 
Some of the lenses consist partly of magnetite and partly of 
specular. In such case the magnetite is found at the head, the 
specular next, and the mixed ore at the tail. 

In the sketch of the Edwards Mine deposit above, the ore- 
bodies rest on a thick bed of siliceous ore. The ancient stream 
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thus seems to have eroded its bed in this formation, and 
effected a local concentration of this low-grade ore. It is per- 
haps unfortunate that its operations were cut short so soon ! 

The theory of concentration of these ore-bodies by streams 
receives additional confirmation in the grouping of the lenses 
in lines or shoots, as at the Dickerson Mine, New Jersey, where 
some eight or nine lenses have been found in line. In this 
mine, also, as I am informed by Mr. Moffatt, the mixed ore is 
always found at the same end of the lenses. 

In case the stream were not subject to freshets, we might 
expect to find a more regular deposit of ore, not divided into 
lenses, but in one long and regular pod or shoot. Examples 
of such deposits are not wanting, e.g., the Hurd Mine, and 
the Ogden Mine, of Morris Co., N. J. 

Regular beds, of large lateral extent, would also be formed 
if the stream be given time enough to gradually shift its bed 
back and forth across a wide valley, depositing and rcdeposit- 
ing the iron sands until finally they become clean and rich. 
The theory of the original deposition of these beds as bog-ore, 
however, seems more in accord with the facts observed, and it 
is interesting to note in this connection that these beds con- 
sist usually of specular ore, while magnetite more commonly 
occurs in lens-formed deposits. 

H. S. M. 

Michigamme Mine. — The ore of this mine is a fine-grained, 
blackish magnetite of high grade, averaging sixty-five to seventy 
per cent, of metallic iron, low in phosphorus and sulphur, and 
with but traces of other impurities. 

Though called a vein, the ore actually occurs in lenticular or 
pod-like bodies, or the vein is what the miners call " pockety." 
The general trend of the vein is nearly cast and west 

The dip is toward the south forty to sixty degrees. The 
axis of the individual lenses is inclined toward the west. The 
lenses at times overlap each other, and at times we find faults, 
or " crossings," in the body of the lens. 

The maximum thickness of the vein — present workings — 
is about thirty-five feet. The greatest lengths yet observed in 
any lens were found in the second level, No. 4, where the dis- 
tance between the east and west crossings was three hundred 
and ten feet At this place a little exploration revealed the 
existence of an overlapping lens, which at the fiftli level gave 
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a length of over four hundred feet (260 E. + 146 W.), with an 
average width of about thirty feet. 

The hanging wall of these deposits is a quartzite, the foot- 
wall 3 magnetic schist, beneath which is a diorite. 

The foot-wall is not well defined, as toward the foot the ore 
becomes mixed and banded with jasper. 

The miners, in blasting, try to stop the breaking of the 
ground at the limit of the clean ore at the foot. It frequently 
happens that between the true hanging wall (quartzite) and the 
ore, a slick, or layer of chlorite, occurs. When this is the case 
and there is a decrease in the dip, i.e., the "hanging bends 
off," and the chlorite is wet, or " weeping," there is much 
danger of a fall, and the chlorite has either to be taken down 
or supported by pillars or stuUs. This is the case in the seventh 
level of No. 4. 

This peculiarity in the formation increases cost and danger 
in the working. In opening up in the next stope of No. 4 
(eighth level), it is the intention of the mining captain to take 
down all the chlorite of the slick, thus sacrificing economy to 
safety. When no slick occurs, the system of leaving pillars for 
support is sufficient to render the working safe, 

A characteristic of this chlorite is the occurrence in it of so- 
called black diamonds, i.e., pseudomorphous crystals of chlorite. 
Some assert these pseudomorphs to be after garnet, others to be 
after hornblende. It is certain that crystals oi garnet occur in 
the rock, and that some of the pseudomorphs on fracture show 
a shell of chlorite and a kernel of garnet, yet most of them are 
clearly crystallized in the monoclinic system. These pseudo- 
morphs are much sought after for cabinets. 

" Crossings " occur quite frequently. These might be 
defined to be horizontal faults. We find a number of these 
between the third and fourth, and fourth and fifth shafts on 
the lower levels, the throw being generally toward the north, 
and in some cases as much as thirty feet 

W. F. Downs. 

E. A. OOTHOUT. 

Republic Mine. — The ore-deposits of the Republic Mine 
are pods or lense-shaped masses of rich specular and magnetic 
ore of enorpious size. The largest body of ore (made up of 
two or more overlapping lenses?) is over one hundred and 
sixty feet in thickness and four hundred and thirty feet long, 
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and has been mined to a depth of three hundred feet and more, 
partly by open workings, but more recently by underground 
cross-stoping, or a species of chamber- workings. The other 
lenses are from eight to fifty feet in thickness and often four 
hundred and five hundred feet in length on a level. 

The ore-bearing stratum apparently lies in a synclinal 
trough or basin, the upturned edges of which form a U, sur- 
rounding the head of Smith Bay, the outlet of Lake Michi- 
gamme, the open end of the U being toward the northwest. 
The hanging-wall is quartzite and the foot-wall jasper, and in 
■ the occurrence of soap- rocks, chloritic schists, etc., the de- 
posits resemble those already described. 

Lake Superior Hematite Mine. — The Hematite Mine con- 
sists of a vein running due east and west, nine hundred feet in 
length, and from thirty to one hundred feet in width. 

On the north side of the vein is the hanging wall, which is 
composed of hard jasper rock, and on the south is the foot- 
wall, composed of a soft schist about six feet in thickness. 
Behind this is a layer of greenstone. This soft schist is a 
whitish, putty-like substance, which is so soft that it can be 
scooped out with the hand. The miners call it paint-rock. 

Masses of rock entirely foreign to, and sometimes lying di- 
rectly in the vein, are frequently found. 

The hard ore deposit comes up to the west end of the soft 
ore vein. 

C. L. Fitch. 
N. R. Ward. 

(To be continued. The next number to contain accounts of the methodE of 
working employed in the difierent mines.) 
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Mining Engineering. 

American InsiiluU of Mining Engineers, — Two meetings of this 
society have been held since the issue of the last number of The 
QfARTfiRi.v, one at Stanton, Va., the last week of May, and one 
lately at Harrisburg, Pa., Ociobef 15th to 28th, A large part of the 
time at the spring and fall meetings of the Institute is devoted to ex- 
cursions to mines and to metallurgical establishments, and for this 
purpose the meetings are usually held in or near some mining region. 
Three such excursions, on special trains furnished by the courtesy of 
the Pennsylvania, the Cumberland Valley, a.nd the Reading R.R. Com- 
panies, formed part of the programme at the last meeting. The ex- 
cursions, as may be imagined, are both pleasant and profitable. A 
nuntber of interesting papers were read at the meeting, and many 
others were announced by title only. Among the latter was a paper 
by Charles M. Rolker ('75), on the "Chrysolite Mine Fire," and two 
by John C. F. Randolph ('69), on " The Native Silver Belt of Bato- 
pilas, Mexico," and on "A New Form of Stamp MilL" 

The Available Bituminous Coal of Pentisyhaiiia.^Tii. Chance, of 
the Geological Survey, gave an interesting paper, estimating with 
great care and detail the amount of bituminous coal in Pennsylvania 
of good quality and contained in bedi thick enough for remunerative 
mining. Excluding poor coal, thin seams, and alt coal at considerable 
depths below water level, or beneath a thick covering of rock, there 
remains 33,547,200,000 tons of available coal. Assuming that seventy- 
five per cent, can be obtained in mining, making due allowance for 
increased consumption, this coal will last about five centuries. Ac- 
cording to Dr. Chance, there is enough bituminous coal in Pennsyl- 
vania alone to supply the whole world with fuel for eighty or ninety 
years. 

A New Boiler Furnace for the Prei-ention of Simke, — Mr. Charles 
A. Ashburner read a paper describing the Flannery furnace, contain- 
ing a new device for securing perfect combustion of smoky coals, and 
thus avoiding the nuisance of smoke, as well as gaining economy of 
fuel. The coal is burned as usual, on any good form of grate, but the 
products of combustion, after passing under the boiler, go through a 
bed of incandescent coke on a supplementary grate at the rear end of 
the furnace. The effect is the same as in the manufacture of water- 
gas — the water and carbonic acid are converted into hydrogen and 
carbonic oxide, which are afterward burned by the admission of heated 
air in a combustion-chamber, and give off their heat in the return cur- 
rent through the tubes of the boiler. The most important function of 
the supplementary fire is, however, the heating of the products of com- 
bustion again to the point of ignition, and thus securing not only the 
burning of the smoke, but also the perfect combustion of the carbonic 
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oxide that would otherwise be lost. This furnace has recently been 
tested at Akron, Ohio, burning a very dirty coal slack with most satis- 
factory results. In eleven days the furnace consumed fourteen tons 
of coal and 4,200 pounds of coke, or 300 pounds of coke per ton of 
coal. With coke at $5 and coal slack at $1, the tolal value of the 
fuel consumed was $22.60. Without the smoke-consuniing device 
the fuel consumed would have been thirty-five tons for the same lenglh 
of time, at a cost of $351 showing a saving of forty-eight per cent, of 
fuel, or thirty per cent, of the cost, by the more perfect combustion 
effected, A secondary advantage was found in the freedom of the 
boiler tubes from dust and soot, little or no cleaning being required. 

A Nno Blasting Pou'dtr. — Mr. A. C. Rand, of New York, de- 
scribed a new high explosive recently introduced, the invention of Mr. 
S. R. Divine, known as " Rack a rock." • This powder, for greater 
safety in handling and transportation, is composed of two ingredients, 
which are combined only when ihe powder is to be used. Separately, 
either ingredient is said to be absolutely inexplosive. One of ihe in- 
gredients is a coarse white powder containing an oxygen -producing 
salt, and is packed in porous cloth cartridges ; the other is a liquid 
— nitro-benzole. To prepare the powder for use, the cartridges are 
dipiied for a few seconds into the oil, the amount absorbed being regu- 
lated by a spring-balance. H. S. M. 

Mechanical Engineering. 

American Society of Mechanical Engineers. — The annual meeting 
of this society was held in New York on November 3d and 4th, 
There were three sessions for the reading and discussion of papers, 
and an unofficial subscription dinner was held on the last evening. So 
numerous were the places of professional interest open to the visitors, 
that it was thought best to organize no formal excursions, and each 
member followed his own preferences. 

The President's inaugural address was a review of past progress in 
those arts which contribute to the success of the mechanical engineer 
of to-day. Allusion was made to the malleable alloys of nickel for 
pump practice, and to a copper alloy of niaximun) strength. Mr. 
Charles T. Porter spoke on the classification of drawings in shops by 
size rather than subject. Numbering and indexing, and concurrent 
numbering of patterns renders more easy the work of foremen, and 
diminishes the room required for storage. Professor Robinson gave 
some of the results of railroad inspection in Ohio as made on behalf 
of the commissioners for that State. Mr. Root read a paper on the 
propulsion of screw-vessels by a screw-shaft inclined at sixty degrees 
to the keel. His experiments were made on a catamaran, and he found 
the boat to move faster than the theoretical speed due to the pitch of 
the screw multiplied by its revolutions. The stern of the vessel is 
lifted, and parlly neutralizes the settling observed when the bow rises 
out of water at high speeds. No economic data were presented. 
Mr. C. J. H. Woodburj' read a paper on fire -protection in mills and 

mbers of the lailitute ■' Rfe and 
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factories, and the construction of mill-floors, which was of great value. 
Two inch wooden doors, covered all over with tin so as to exchide 
air from the wood, are much better than iron doors between rooms. 
The wood carbonizes slightly, but no deformation occurs as will hap- 
[jen with iron doors. Isolation of a fire is thus more certain. Fusible 
metal links, to permit isolating doors to close automatically in case 
of fire, are approved, and reference was made to automatic sprinklers 
and fire-pumps. Rotary fire-pumps, driven by grooved friction-gear, 
are popular. A very excellent type of valve for pipe use was illus- 
trated, which requires no fibrous packing. The stem is non-advan- 
cing, and makes a steam-tight ball-joint with a dome in the top of the 
gland. Jt has been tested on rock-drill service, which is, perhaps, 
the most severe of any, and has been found not to " weep " at all. 
For radiators, and every service where leakage is ruinous and pack- 
ing is costly, they will meet a great need. Other papers were pre- 
sented of technical interest, but want of space prevents further allu- 
sion. An anti-metric paper, by Mr. Partridge, showed how variable 
are unsealed measures as found commercially, and called attention to 
the fundamental relations between the fathom and our other dimen- 
sional units, and between the grain and our units of weight. Valuable 
tables acconii>anied this paper, which will appear in the Transactions. 

F. R. H. 

Analvtical and Applied Chemistry. 
A Universal Flux for Silver Assays.— Gv.o. L. Stone, '79, gives us 
a universal flux for the assay of basic silver ores. Its composition is 
as follows : 

Soda 9 parts. 

Borax glass 3 parts. 

Argol I part. 

Mix thoroughly, and keep on hand ready for use. For one-third assay 
ton of ore, fill the crucible about two-thirds full of the flux, adding 
two or three iron nails when the ore contains much sulphur. 

Analysis of Steel. — The members of the American Institute of 
Mining Engineers are discussing the methods for the determination of 
the constituents of steels. A paper read at the May meeting {1881), 
by Wm. Kent, M.E., of Pittsburg, Pa., gave a number of widely differing 
results for manganese obtained by ten different chemists on portions of 
(he same sample of steel. 

From the pai>er of Mr. Kent and the discussion which followed, it 
appears that twenty-six different determinations were made, as follows : 

PiDcai. No. of ualfKi. Roula variEil from. 

Soiiium acelale «nd bromine 15 ".JOS to 1.140 

Ammonium acetate and bromine a 0-35' to 0.380 

Nitticacid anil potassium chloral* 7 a3r3toD.390 

Nol reported I 'X314 

If the single result of 1. 14 per cent, by the first-named process be 
excluded, the results by that process would vary from 0.303 to o 619. 
Such a variation with a process used, apparently, by the majority of 
. analysts, naturally attracts attention. Dr. Drown stated that his 
assistant bad found that Swedish filter papers contain small amounts 
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o( Mn, which may account for some of these discrepancies. Such 
detailed descriptions of methods as are given in ihe paper and the 
discussion suggest also two other possible sources of error: ihe 
omission of a second basic acetate separation of tjie iron, and the 
direct weighing of the manganese oxide as precipitated by broniine.' 

Mr. Kent suggests that some method, which in the hands of dif- 
ferent analysts would give results accurate within o.og per cent., 
should be adopted. E. W. 

At the October meeting {i88i) of the same society, the dis- 
cussion was continued by a paper submitted by Magnus Troilius on 
the methods for determining C, P-, S.,Mn.,and Si. For all these 
determinations the methods recommended by Prof. Eggertz are pre- 
ferred by Mr. Troilius, Besides giving the methods used by himself 
and other chemists in England and Germany, Mr. Troilius has trans- 
lated a recent paper by Prof Eggertz on the colorinietric method of 
determining the carbon, in which some modifications of the original 
method are recommended. The paper was printed in advance of the 
meeting, and analysts in all pans of the country were invited to 
communicate their methods for comparision and criticism. Some eight 
or ten chemists took part in the discussion, and papers are expected 
from others- The material thus collected is to be edited by Dr. 
Drown, and will, when completed, undoubtedly form a valuable con- 
tribution to analytical chemistry. 

The maia points brought out in the discussion may be suiimied 
up in a few words. The requirements of the chemists of steel-works 
are first for simple, quick- working, and easily applied methods, which 
at the same time shall be sufficiently accurate for the control of the 
manufacture of stee! ; and second for standard methods which shall 
be perfectly accurate and reliable for use in disputed cases. The 
color test for (arbon seems to be almost universally employed, and is 
considered reliable. For phosphorus, the molybdic acid method is 
employed with subsequent precipitation by magnesia mixture, while 
for quick work the yellow (irecipiiate is generally weighed, but by 
some chemists is dissolved, and the ammonia or the molybdenum deter- 
mined volu metrically. A method of estimating the amount of phos- 
phorus, by measuring the bulk of the yellow precipitate under pressure, 
was mentioned and excited much Interest, but no details were given. 
For weighing the yellow precipitate, the Gooch filtering crucible — a 
perforated platinum crucible with asbestos in the bottom — was strongly 
endorsed by Mr. Dewey, Dr. Dudley, and others. In the determina- 
tion of sulphur, the chief point brought out was that the graphitic resi- 
due after treatment with acids was likely to contain sulphur. For 
siiieon Dr. Drown's method is generally used. H. S- M. 

Sugar Analysis.' — J, H. Tucker, '75, has just published a work on 
sugar analysis — a collection of practical information of value to a 

^ViJe Jour, London Chem. Soc., xxxvii., 40, i88a 

' A Manual of Sugar Analysis, including the Applications in General of Ana- 
lytical Methods to the Sugar Industry. With an Inlroduction on the Chemistry of 
Cane-Sagar, Dextrose, Levulose, anil MillcSugar. By J. H. Tucket, Ph.D. Svo, ' 
353 pp. New York, D. Van Nostrind. iSSl. 
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sugar analyst, arranged in convenieiit form for reference. The book 
is evidently the collection of information which the author has found 
useful or desirable in the course ofhis experience in a sugar laboratory, 
and is therefore eiuinenlty practical. 

Among ibe points of information hitherto obtainable only with 
some difficulty are Clergef s table for the analysis of saccharine sub- 
stances, Scheibler's table for calculating the percentage of lime car- 
bonate in bone black, the comparative value of the degrees of 
diflerent optical sacchari meters, the table for the ready calculation of 
the result of determinations of glucose by the copjier reduction test, 
the explanation of the mode of estimating the probable yield of raw 
sugars by the method of co-efficients, etc. 

Scattered through the book are also the records of a number of in- 
teresting experiments made by the author, which are of great practical 
i»i|>ortance to the analyst, such as the effect of lead salts on the readings 
of the optical sacchari meter, p. 165 ; the comparative influence of lead 
salts and sulphurous acid on the copper-test for glucose, p. 196 ; the 
time required for drying the various forms of sugars, syrups, etc., 
likely to fall into the hands of the analyst, p. 2 19, etc. 

Other features, as the copious references to the literature and a 
very complete index, contribute to the value of the book as a desirable 
addition to the library of a sugar chemist or commercial anaI)'St. 

E. W. 

Metallurgy. 

On the Production of Chilling Irons. — The valuable note signed 
T. F.., in the March number of The Quarterly, deserves consideration 
as treating of an interesting subject from a chemical standpoint. Con- 
sidered physically, some jidditional thoughts suggest themselves. In 
blast-furnace practice we' have the usual grades of foundry, forge, 
mottled and white iron, and we know that any iron which is nearly 
or quite in the grade of mottled may be chilled or converted into 
white iron on the surface by rapid cooling. Tne property of chilling 
is, however, only of interest with regard to those comparatively few 
irons which are susceptible of a chill when in a foundry grade. The 
qualities of the different grades are of the greatest importance, and in 
the extreme grades almost opposite. Thus, while a foundry iron is 
soft and may easily be shaped by a toul, white iron resists such treat- 
ment. Foundry iron is in one sense strong, will not break under a 
powerful blow; white iron is brittle. Again, foundry iron is weak, in 
that it will break under a weight which a white iron will easily endure. 
For the great niajority of castings these contradictory qualities woidd 
be eminently injurious ; there is known a class of articles in which they 
are necessary. The most familiar example is that of car-wheels, which 
in the centre have to withstand continuous jar and on the rim con- 
tinuous wear. 

These considerations may not be new to your readers, but were 
called to the writer's attention in a series ofexperiments similar to those 
described by T. E. Their object was the production of chilling iron 
for ploughs and car-wheels, and the method essentially that of Bes 
senier conversion. The originator of the process anticipated deriving 
remarkable refining qualities from a certain ore which was described as 
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containing even gold and platinum, and some elements which detied 
the detection of the ablest analysts, but which was easily shown to con- 
sist of silica 8s per cent., and other not unusual elements. The opera- 
tion in theconverterwasdcvised at first simply to bring the ore and iron 
into intimate mixture with air as a stirring agent. The result was the 
ore floated on the surface and was blown out within a minute or two. 
The experiments were then conducted without the ore and nearly 
every stage of conversion was tried from merely turning the converter 
over once, to a period when the product was entirely in the form of 
mill-cinder. The principal results were obtained, as desired, in cast- 
iron. Two or three minutes served to convert the iron into white 
iron, while continued blowing produced a honeycomb iron which some- 
times appeared slightly malleable. With the facilities at hand it was 
impossible regularly to arrest the process before white iron was produced 
and by far the largest quantity was in that form. It was then su^ested 
that a mixture of this " refined iron" in proper proportion with ordinary 
foundry pig would produce an iron suitable for car-wheels, and a series 
of experiments was instituted in mixing. This was done in separate 
charges in a cupola. Two kinds of test-bars were cast, one to exhibit 
the chilling property, the other the strength. The strength was tested 
on an improvised apparatus, which showed the ultimate weight which 
a bar an inch in section and a foot long, resting on ends with weight 
in centre, would sustain before breaking. The chilling tests showed 
generally that the more refined iron used the deeper the chill, but 
similar mixtures in which refined iron was replaced by ordinary white 
iron appeared about equally chilled- The strength test showed variable 
results which accorded with the hardness of the iron. At the same 
time iron from the blast-furnace was similarly tested, and it was found 
that ordinary foundry iron stood from 18,000 to 22,000 lbs. and mill- 
iron from 22, 000 to 26,000 lbs. on the scale used. These results did 
not differ much from iron of similar grade from the refined mixtures, 
except one test of the latter which showed a result of 34,000 lbs. 
Presently, however, a test-bar of white iron from the blast-fiuuace 
eclipsed everything by requiring over 50,000 lbs. 

At this stage it seemed abundantly proved that the inventor had 
changed his entire method, that the product in the converter could 
not be made uniform, and that the tests of strength were not the ones 
suitable for the purpose, and did not show any superiority over ordinary 
furnace-pig of like grade. Incidentally it was shown that resistance 
to a load depended primarily on the grade of iron. 

It is to be regretted that in the cause of science the experiments 
were not continued, and, above all, that it was not possible to make 
chemical tests concurrent with the physical ones. So far as they go, 
they may serve to explain some of the suggestions in T. E.'s note, and 
some of the precautions which must be regarded in making future 
experiments in an interesting field. W. K. 

Kemble Fuknaces, June, 1S81. 

Ore-Dressing. 

Methods of Separating Minerals of Equal Specific Gravity. — Where 

the specific gravity of two minerals is nearly or quite the same, the 

ordinary methods of mechanical dressing fail, and recourse must be 

had to some other physical or chemical property in which the minerals 
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<ltffer enough to make it a practicable means of separation. For 
example : to separate heavy spar from gray copper, the crtished and 
sized material has been treated by heat in a suitable furnace, the result 
of which is to disintegrate the heavy spar by decrepitation, white the 
gray copi>er is not affected. On sifting the decrepitated ore the blende 
passes through the mesh of the sieve which was used to size the ore 
before heating, while the gray copper remains on the sieve. The 
residts of this method are said to have been satisfactory.' 

Another similar problem occurs in the separation of blende and 
pyrile, both minerals having nearly the same gravity, and consequently 
many middle products will be obtained from the jigs, etc., consisting 
of mixture of blende and pyrite in various proportions. As a mixture 
of then) has very little commercial value, and a separation by means 
of water is not practicable, other processes have been invented for this 
purpose. Thus, magnets have been used for the extraction of the py- 
rites, after it has been converted into magnetic iron pyrites by roast- 
ing of the ore mixture with an addition of carbonaceous substances. 

Another process for the separation of blende and pyrite, which 
is still more simple and efficient, was lately devised by director F. 
BUttgenbach, of the I.intorf Lead Mines, near Dilsseldorf, and is 
described in Engineering for Sept. 9, 1881, as follows : 

The very productive lodes of these mines yield a mixture of lead 
ore, galena, iron pyrites, and blende, accompanied by quartz, lime- 
stone, and bituminous shale. tJpon the very perfect machinery of the 
I.intorf ore-dressing mill all other substances are thoroughly separated 
from each other, with the exception of certain sizes of pyrites and 
blende, which are too small for hand-picking. As the specific weight 
cannot be utilized for the separation of these, Mr. Biittgenbach has 
hit u|>on the excellent idea 10 make the differences of cohesion in the 
two minerals available for their separation ; for blende is much softer, 
and c?.n be much easier crushed than |»yrites. For the purpose Mr. 
Biittgenbach employs the Vapart centrifugal disiritegrator, the re- 
ducing action of which can be so nicely regulated that the blende 
can be reduced to sand and the pyrites left intact. The first trials 
with a Vapart disintegrator No. z, showed that with 600 revolutions 
a minute the pyrites was too much broken up ; the same happened with 
450, but with 2Z5 too much blende remained unbroken, while with 
325 revolutions the blende ore was almost perfectly reduced to fine 
sand, and the grains of pyrites, 10 mm. or 6 mm. in size, kept their 
volume, so that both could be easily separated by simply passing them 
over a sieve. This simple operation is a great commercial success, 
as it enhances the value of a substance which was almost valueless 
because it was too poor for an ore of zinc, and loo impure for the 
burning kilns of chemical works. The blende sand, which contains 
from 50 to 5S per cent, of zinc, is now worth about ^^^4 a ton, and the 
grains of pyrites separated from it sell easily at 1 2s. a ton. The process 
answers equally well for all sizes, from 25 mm. to 4 mm., and one 
Vapart apparatus is capable of separating from 2^ to 3 tons an hour. 

H. S. M. 

Si), < 
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The recommendations of the committee appointed to consider the 
expediency of increasing the requirenients for admission to the School 
of Mines have been adopted, and go into effect next spring. Tlie 
report of the committee was printed in our last number. 

A NEW course, that of Architecture, has been added to the five 
already existing in the School, and Prof. W, R. Ware, formerly of the 
Massachusetts Institute of Technology, of Boston, now lectures twice 
a week to the second year students pursuing that course. The arrange- 
ments for the third and fourth years have not yet been announced. An 
interesting memorandum on the scope of the proposed course, by the 
Professor, will be found in another place. 

We are pleased to note that Mr. J. K. Rees, A.M., E.M., who 
graduated from the School in 1875, and became Professor of Mathe- 
matics and Astronomy in Washington University, St, Louis, has re- 
turned to the College as Instructor in Geodesy and Director of the 
Observatory. He will deliver one lecture on geodesy per week to the 
fourth-year engineering students, and two lectures per week on as- 
tronomy to the third-year students. Newcomb and Holden's Astron- 
omy is used as a text-book. A summer class in geodesy will also be 
organized for the civil engineers. 

The first meeting of the season of the Chemical Society was held 
Thursday, October 30. President Wittmack called the meeting 10 
order, Mr. Wiechmann read his " notes," in which he proposed a ter- 
minology for minerals, by means of which the system of crystalliza- 
tion of each is made apparent by its name. After a discussion of the 
merits of the plan by several members, the Society adjourned. 

A special meeting of the same Society was held 011 Friday, 
October z8, 1881, at 3 o'clock, p.m., President Wittmack in the chair, 
A motion to change the time of the meetings to every second and 
fourth Thursday afternoon, at 4 p.m., was carried. After the election 
of Mr. b'. W. Traphagen, '8», to the position of Secretary, made 
vacant by the resignation of Mr. J. Lynch, the meeting adjourned. 

The Registrar's books show that up to date (November 13 th) there 
are 366 students in the School, 41 in the fourth class, 47 in the third 
class, 83 in the second class, 94 in the first class, and one i»st- 
graduate. The School showed a steady growth in the four regular 
classes, curiously enough, of exactly ten men per year up to last 
year, the totals in successive years since 1878 being 222, 332, and 243. 

On account of ihe dropping of special students last year, and by 
reason of the recent legislation with regard to the payment of post- 
graduate fees, the total number of students in the School of all classes, 
has remained about stationary for three years. The growth, how- 
ever, is none the less real. The proportion of students selecting the 
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different courses remains about the same as in previous years : sixty- 
eight per cent, taking Mining Engineering, twelve per cent. Civil 
Engineering, and twenty per cent, tlie course in Analytical and Ap- 
plied Cliemistry. 

The School is thus, not without reason, called a School of Mines, 
and in point of numbers, at least, is the leading mining school of the 
country. From the last report of the Bureau of Education, we find 
that thirty-one men took the degree of Mining Engineer in 1879. Of 
these, twenty were from the School of Mines, and of the others, four 
received their degree at the Washington University of St. Louis, under 
the instruction of William K Potter, E.M. (S. of M., 1869), Professor 
of Mining and Metallurgy, and one graduated from the University of 
Wisconsin, where R. D. Irving, E.M., Ph.D. {S. of M., 1869) is Pro- 
fessor of Geology and Mineralogy. 

Wo«K on the new library building has been considerably delayed 
by the iieculiar nature of the ground upon which the east wall was to 
have been built. At this end of the site, and directly on the line of 
the proposed foundation, the rock, which in other places is very near 
the surface, suddenly disappears, dipping downward at an angle of 
about seventy-tive degrees with the horizon, and giving place to a very 
soft, muddy soil. A deep excavation was uiade in this soil alon^ the 
face of the rock, but as no change was observed, either in the dip of 
the rock or the treacherous nature of the soil, the work was abandoned 
and the excavation filled in. It has now been decided to alter the 
original plan of the building, running it further west by an amount 
about equal to the required shortening at the east end. To do this 
it has been found necessary to tear down and rebuild a considerable 
amount of the masonry already in place, whence the delay. 

The question of post-graduate fees has during the last four weeks 
been a subject of much discussion among recent graduates and stu- 
dents who are intending to take a post-graduate course in the school. 
A petition was submitted by those interested to the Board of Trus- 
tees at their last meeting, and referred by them to the Conmiiitee on 
the School of Mines. The petition asks for the remission of the 
annual fee of $150, imposed this year for the first time, on graduates 
returning to the school. The main arguments advanced in the peti- 
tion in favor of this request are that the student should be encouraged 
to devote himself to original scientific investigation, which will reflect 
credit on himself and on the school, the course pursued by similar 
technical institutions in this coimtry and abroad being instanced, 
many of which even afford pecuniary assistance to those undertaking 
such work. It was further argued that the graduate undertaking such 
investigations not only has little opportunity to make money by pro- 
fessional work, but is almost invariably, and of necessity, put to con- 
siderable ]>ersonal exi^enditure. The argument was also advanced 
that there is no special course of lectures or of instruction for post- 
graduate students, and that, from the nature of their work, they make 
but litde demand on the time or attention of the professors and in- 
structors, and, finally, that those undertaking such post-graduate 
work are always few in number, and are not allowed to occupy room 
to the disadvantage of regular students. 
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Annual Report of the President. — The annual report of Presi- 
dent Barnard, dated June 6, and recenily printed by Ihe College, is a 
most valuable document, containing able and interesting discussions of 
many questions of vital importance to the College and its associated 
schools, e.g., the practicability of introducing a system of self-govern- 
ment by the students, instead of burdening the faculty with questions 
of discipline ; the best means of removing or overcoming existing im- 
perfections in the preparatory schools, and their systems of instruc- 
tion ; the proposed re-establishment of the Columbia Grammar School ; 
the admission of women to Columbia College ; the proposed estab- 
lishment of a new department of Educational Science, with lectures 
on the history, theory, and practice of education, etc. 

We extract from the report that portion devoted to the work of the 
School of Mines as of interest to students and graduates. 

School of Mines. — In this School the resolutions of the trustees 
providing that in future only such applicants for admission shall be 
received as propose to become candidates for degrees in some one of 
the regular courses of study, have been in operation for the first time. 
Their etFect has been, naturally, to reduce to some extent the total 
number of names upon the list, but it has been attended in other re- 
spects with obvious advantages. The results of the year, as shown 
by the record of scholarship, have never been more satisfactory. In 
the reports of the suuniier classes in mining and mechanical engineer- 
ing, conducted, the first by Professor H. S. Munroe, and the second 
by Instructor F. R. Hution, will be found evidence of Ihe practical use- 
fulness of these exercises, and of the continued interest felt in them by 
instructors and students. The summer class in mining have been 
greatly indebted to the kindness of the Musconetcong Iron Co., of 
New Jersey, and the Westmoreland Coal Co., of Pennsylvania, for the 
courteous manner in which the jnines of those companies were thrown 
open to the class, and for the facilities afforded them in pursuing their 
practical studies. The class in mechanical engineering are under 
similar obligations to the proprietors of the Quintard, the Morgan and 
the Delamater Iron Works of this city, for the free range of their works 
allowed them, and other courtesies. 

The School of Mines, since it was first opened to the public in 
1864, has undergone important modifications of plan, and has largely 
extended the comprehensiveness of its scheme of instruction. It was 
oiiginally designed to be, and during the first few years of its existence 
it was, merely a school for educating men to scientific methods of 
extracting from the earth its mineral treasures. To the course of 
instruction in mining engineering were added, later, other courses in 
metallurgy, in civil engineering, m analytical chemistry, and in geology 
and palaeontology. The School has, therefore, long since ceased to 
be simply a School of Mines, and it might more properly be styled a 
School of Applied Science. Recent resolutions of the Trustees have 
added another to the courses of instruction above enumerated, which 
is perhaps of hardly less importance than any one of those, by creating 
a Chair of Architecture, and electing a professor of eminence to fill it, 
who is expected to enter upon duty at the opening of the ensuing 
session. It is gratifying to be able to state that this effort to enlarge 
the usefulness of our Scliool, in a department of education in which in 
our country very little has as yet been systematically attempted, has 
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swakened a lively interest among the professional architects of okf city, 
some of the most eminent who have kindly favored us with their 
council and advice. In no respect has the advancing culture of our 
age manifested itself iti recent years more strikingly tlian in the rapid 
growth of a taste for the beautiful in corslriictive art. This makes 
Itself felt, not only in regard to large and costly public edifices, but 
also almost equally as to tlie most modest private dwellings. Along 
with the growing demand for beauty, there is also an increasing 
demand for such skill in constructions as shall secure in dwellings the 
greatest convenience of arrangement, together with such conditions 
as to heating, ventilation, and drainage as are most favorable to health. 
The profession of the architect has, therefore, risen into an importance 
which makes it extremely attractive to young men, especially to such 
as have native tastes for art. Most of the gentlemen who adorn this ■ 
profession in our country, and who are not self-made architects, have 
found abroad advantages for instruction which hitherto our country 
has not afforded. The only school of architecture which has here- 
tofore been opened in the United States has been that which was 
established about ten j'ears ago by our own I'rofessor-elect. Our 
Professor comes to us, therefore, with the advantage of a double 
experience — experience as a teacher and experience as a professional 
man. His practice as an architect has enabled him to form very 
distinct notions of what it is necessary that a man in his profession 
should know, and his experience as a teacher has afforded him oppor- 
tunity to ascertain the most efficacious methods of imparting that 
knowledge. The soundness of the views of the Professor- elect as lo 
the character of the course of instruction proper to be pursued in our 
school, may be judged from a brief discussion, in the form of a memor- 
andum on the subject appended to this report,' which was drawn up 
by him at the request of the undersigned, and in which the claims of the 
several elements which should enter into the education of an architect 
are so sensibly weighed and so justly balanced as to leave no question 
that the writer is master of his subject. 

Another important enlargement of the scheme of instruction in the 
school has been accomplished by the appointment of an instructor in 
geodesy, who is also to be the director of the observatory about to be 
constructed to replace the inferior structure of that character recently 
demolished. This is an improvement which has been long regarded as 
desirable, and which was brought to the attention of the Trustees, as 
such, in the report of the undersigned for iSyg. The education of a 
civil engineer can hardly be regarded as complete unless he is ac- 
quainted with the astronomical methods necessary for the determi- 
nation of the exact relative position of points on the earth's surface. 
It is, of course, ])ossible to acquire a theoretic knowledge of these 
methods from books ; but it is only actual practice that can make 
them available tor any useful purpose. The resolution authorizing the 
appointment of an instructor in geodesy, therefore, very judiciously 
provides that the officer so appointed shall give practical instruction 
m the field during the summer in geodetic methods. There is every 
probability that arrangements may be made with the Superintendent 
of the Coast and Geodetic Survey of the United States, and with the 

■ ' Reprinled (pp. 1-4) in this number of The Quarterly. 
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nirector of the State Survey of the State of N'ew York, whereby the 
members of our geodetic class may be permitted to observe and study 
the practical ojieratioiis in progress in the conduct of thoSe great 
works, and may, perhaps, be allowed to particijjate in working out 
their details. 

With the completion of the new observatory it will also become 
possible for our College to take its part in the regulation of the 
public time — a matter of great and general interest to the community, 
in which the leading observatories in other parts of the country are 
already actively engaged. . . . Our observatory will liave the 
advantage of occupyinj;; one of the most favorable positions for partici- 
pating in this work ; and tlie Director- elect will bring to it an experi- 
ence acipiired in connection with similar operations in which he has 
been interested in the West. It cannot but be highly advantageous to 
the College thus to make itself actively instrumental in the promotion 
of an object of so great public utility. . 



Columbia Collecb, Jui; 



. BARNARD, 
PrtsideiU. 



BOOK.S ADDED TO THE SCHOOI, OF MINES LIBRARY 
SINCE MAY, iSSi. 

ENGINEERING AND MATHEMATICS. 



Courtney, Edward H. A Treatise aa the DiflercDtlal a.nd Integral Calculus. 8vo, 

SOI pp. New York, 1876. 
Fairly. W. Theory and Practice of Ventilating Coal Mines. 8vd, 72 pp. London, 

.879. 
Furdy. Williim, Cotliery Exploiioas and Safety Lamps. Svo, 55 pp. London, 

1880. 
Randolph, John C. V. Report on the Pastrana Mine, BalopUas, Mexico. 4I0, 

32 pp. New York, 1881. 
Swinnej. Alfred J. G. Handbooli to Examinations for Colliery Managers. Svo, 

iz8 pp. London, 1878. 
Thomas, Trevor F. Notes on Coal Mining. 8vo, 48 pp. London. 
Van Wagenen, T. P. Manual of Hydraulic Mining. Svo, 93 pp. New York, 

iSSo. 
Wardle, W. Reference Book of Practical and Scientific Information for the Use 

of Colliery Managers. Svo, I9I pp. London, i88a 
Wcblier, Samuel. Manual of Power for Machines, Shafts, and Belts. Svo, loj pp. 

New York, 1879. 
Wheeler, J, B. Elementary Course of Civil Engineering. Svo, 473 pp. New 

York, 1877, 
Wood-working Tools: How to use them, iimo, 101 pp. Boston, 1S80. 

GEOLOGY, MINERALOGY, AND NATURAL HISTORY. 

Britton, N. L. A Preliminary Catalogue of the Flora of New Jersey. Svo, 233 

pp. New Brunswick, 1881. 
The Geology of Kichmond County, New York. Svo, 31 pp. New York, 

iSSi. 
Cossham, Handd. Faults in tbe British Coal Field, and how Caused. Pamphlet, 

So pp. London, 1S79. 



;dOvGoOt^lC 



ADDITIONS TO LIBRARY. 6t 

Iiv«rndge, Archibald. MinertJs of New South Wdes. 8vd, 25 pp. Sidocf, 

1876. 
Hftnh, O. C. Odontomithe*. Vol. VII. U. S. Exploration of Ihe 40th Parallel, 

4to, 391 pp. Washington, iSSa 
Parlon, T. Notes on the Shropshire Coal Field. 8vo, 9 pp. London, 1868. 
Wallace. Alfred RosselL Island Life. 8™, WJ pp. New Vork, 1881. 
WeUbadi, Dr. Albin. Charakteristik der Classen, Ordnungen und Familien de* 

Mineralreiches. 8vo, 57 pp. - '* - ""- 
hitner, J. D. The Auilrerons 

569 pp. Uoiiersity Press, 1 
Wilsan, Daniel. Prehistoric Man. 3 vols. 8vo, 800 pp. London, tS7& 
Wolf, Heinrich. Geoli^sche Gruben'Rivier-Karle des Kohlen beckens von TepUw- 

Dui'Brux im Nord west lichen Bbhmen. 8vo, 19 pp., folio 15 Blatter. Wien, 

tSSoL 
Woodward, Heniy. The Dawn and Development of life on the Eartli. Pamphlet. 
Zitlel, Dr. Karl. Ueber den Ucolischen Bau der lilyuhen Wiiste. Svo, 47 pp. 

HliDchen, iSSo. 

CHEmSTRY. 

Austen, P. T. Dinitroparadibrombenzols and their Derivatives. Svo, 5 pp. Ken 

York, t88l. 
Kopp, Herman. Geschichte der Chemie. 4 vols. 8vo. Braunschweig, 1843. 
The People vs. Daniel Schrumpf. Misdemeanor. Adulteration of Milk. Svo, 

a83 pp. New York, 1881. 
Winkler, Dr. Clemens, Anleitung ziuCbemischenUntersuchung der industrie Case. 

Svo, 210 pp. Freiberg, 1877. 
Wurti, Ad. The Atomic Theory. Svo, 344 pp. New Vork, 1881. 

JOURNALS, REPORTS, AND TRANSACTIONS (NEW). 

Anthropological Society of Wathington. Abstract of Transactions for 1E80 and 

1881. Svo, 150 pp. Washington, 1881. 
Association pout Prt;venir les Accidents de Machines. Compte ReDdm, 1S67 to 

1876. Svo. Mulhon.-«. 
Bureau of Education, Bulletins of : 

Comparative Statistics of Elementary Education in Fifty Principal Countries. 
Chart. 

Clark, F. W. Report on the Teaching of Chemistry in the United Stales. 
Svo, 119 pp. Washington, 1S80. 

Construction of Library Buildings. Svo, 16 pp. Washington, 18S0. 

Fifty Years of Freedom in Belgium. Svo, g pp. Washington, 1881, Bureau 
of Education. 

Library Aids. Svo, 10 pp. Washington, 1881. 

Powell, J. W. Introduction to the Study of the Indian Languagei. 410,188 
pp. Washington, 1880. 

Relation of Education to Industry. Svo, 33 pp. Washington. 

Spelling Reform. Svo, 36 pp. Washington, 1880, 
Engineers' Club of Philadelphia. Proceedings. VoL 2. 
Kerl, Bruno. ReoeTtoriura d. Technischen Journal-Iitetalar. Jahrgang 1S79. 

Svo, 499 pp. Berlin, 1881. 
London Inst, of Civil Engineers. Charter, By-Laws and Regulations and List ot 

Members. Svo. London, i88t. 
Manchester Geolc^cal Society. Transactions. Vols, i to 15, 
Paris Universal Exhibition of 1S7S. Catalogue of the British Section. Part I. and 

II, 

Catal<^ue of the British Colonies. 

Hand-book of the British Indian Section. 4 volt. Svo. London, iS8a 

Report of Her Majesty's Commiuioners. 3 vols. Svo. London, i88a 

South Carolina. Fint Annual Report of the Commissioner of Agriculture. Svo, 

115 pp. Charleston, S. C. 
South of Wales Institute of Engineers. Proceedings. Vols, i to 12. iSsJ-iSSi. 

12 vols. Svn. London. 
WcMem Society of Engbeen. Proceedings, 1S80. Svo, 194 pp, Chicago, 18S0. 
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HENRY GILBERT CLARK. 

On August 3d, 1881, Henry Gilbert Clark, E.M., C.E., class of 77, 
died of typhoid fever at Aurora, Nevada. His illness began during 
the early part of the summer, and at one time he was thonghc to be 
rapidly convalescing, but a sudden relapse proved loo much for his 
already weakened constitution, and death quickly ensued. 

Cut off at the early age of twenty- five, while still fresh in the memo- 
ries of his class-males, he will be remembered as one who, by his course 
at the School, made a hosL of friends. His class-mates esteemed him 
one of their ablest and strongest members. A faithful student and 
hard worker, with an energetic will and genial manners, he was regarded 
as one who would succeed in his profession. His career since 
graduation but served to confirm that opinion. The position of 
chemist to the Bergen Port Zinc Works was tilled by him with credit 
for two years. Wearying of the somewhat limited field in the East, 
he began to report on mining properties in the West while still acting 
as expert for his former employers, and at his death held the responsible 
position of Superintendent to the Cortei Mining and Milling Company, 
at .Aurora, Nevada. Another name must be added to our list of the 
dead, and another familiar face will be missed at our annual reunions. 

C. L. C. 



Tlie following list of graduates, arranged according to locality, is 
interesting as showing how widely scattered are the School of Mines' 
men. It has been comi>iled with two objects — first to inform those 
who are travelling about this country, and over the world, where they 
may expect to meet fellow-graduates, and second to inform the older 
graduates of the whereabouts of the younger men in their vicinity (and 
vice versa) that they may be enabled to make each others' acquaint- 
ance. For exact address in each case the rca<ler is referred to the 
Graduate Lists published in the March and May numbers of last year, 
and to the corrected lists which appear from time to lime in The 
Ql'arterly. The long list of men in New York City might perhaps 
have been divided into three classes : ist, those permanently located in 
the city or vicinity ; 2d, those who make New York a headquarters 
only — a large proportion; and, 3d, those wlio are unemployed — 
fortunately a few men only. 

Cuba.— BrinckerhotT, '78iFranck<, '80, 
Brazil.— Gordon, '71; Barros, '77; Jordio, '77, 
England. —Lyman, '78. 
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Germany.— Konhardt, '80 i Nararro, '80 ; Hemmer, '81 ; Neymao, '8r. 

Japan Hasegawa, '78; Mmwi, '78; Nambu, '78, 

tfiX-wixi.— Stale of Chihuahva : Hollirook, '76; Adams, '78; Lei^e". '79; Shel- 
don, '79; Browning, 'go. Siitalo and Durango R. R.: Griswald, '81 ; 
Roberts, '8t ; Swain, '81 ; Wilson, '81. 

PEftif.— Paws, '78. 

Alabama. — Noble, '79. 

Arizona. — Globt: Devereaax, '78. />■«««.- Rutherford, '79. Tembstoni : Q\i<aA, 

67 i Van Blarcom, '76. Tuctoii: Hunt, '76; Milliken, '79. 
Caufornia. — San Francisco: Adama, '67 i Lilienthai, '70; Leavens, '75 ; Down- 
ing, '78. Bodie: Noyes, '75; Harker, 79, 
CoixiKktio.— Colorado Springs: Parsons, '68; Strieby, '78. Ceargtlmon: Til- 

dcD, '76. Golden: Ihlseng, '75. Gunniion : Craven '76 ; Cornwall, '76 ; Reed, 

'77; Cornwall, '79, Kikomo: Cloud, '79. Zau/wV/^.' Bnickman, '69; Van 

Wagenen, '70 ; Williims, '74 ; lies, '75 ; Rolker, '75 ; Bruen, '76 ; Helteberg, 

'77; Nichols, '77 i Booraem, '78; Feraekes, '78; Koch, '79; Clarlt, '80. 

Ouray, Mathis, '79, Rico: Garlichs, 80. Silver Cliff: Parker, 80. 
Dakota. — Dead-iaood : Jenney, '69. Ssmeralda : Buckley, '77 ; Murphy, '77, 
District of Columbia, — IVaskinglon : Kloyd, '77, 
Georgia. — Atlanta: Chazal, '81. 
Idaho. — Rxiy Bar : Rogers, '77. 
Illinois, — Aurora ; McCuUoh, '78. Bloomingtan : Tuttle, '67. Chicago : Gid- 

dings, '67, yoliil: Mcissner, '8a 
Louisiana. — Niw Orleans : Stewart, '75 ; Eastwick, '79. 
Massachusetts, — Boston : Schack, '68. 
Michigan. — Ann Harbor ; Joy, '75. Dilataare Mine P, O., Klepetko, '80. ifar- 

quittt: Welmore, '75 
Missouri. — Si. Louii: Robertston, '68 ; Potter, '69; Riggs, '71 ; Stone, '79. 
Montana. — Helena : Nettre, '69. ffictes: Stearns, '81. 
Nebraska. — Omaha : Hoyt, '76, 
Nevada.— ZJaj'/ow .- Wheeler, '68, Eureka: Kadford, '77. Egan CaOon : 

O'Connor, '81. IVinnemucca : Van Lennep, 67. 
New }%s,if.i.—Belhlthfin : Randolph, '76. Dover : W, A. Smith, '68 ; Canfield, 

'73. NcTvari : Pool, '75 ; Karr, '78 ; Murphy, '78 ; Starr, ' 79. New Bruns- 

urici: Austen, '7a, Orange: Lindsley, '70. Princeton: Cornwall, '67; 

Marsh, '79. Stanhope : MofTatt, '68, 
New Mexico Georgetown: Smalley, '80, Silver City : Ki»s,'j6. Tomiitone: 

Judd, '81. 
New \ot.y^—Brew3ttrs: Rultman, 'So, Buffalo: Douglas, '81. Cornwall en 

the Hudson: Ledoux, '81. FarnactvilU : Porrott, '70, Hamilton College: 

Chester, '68. Polsdatn: Heath, '67. Staten Island: Waidlaw, '76. HW 

Point: M. Smith, '»a 
New York City and Brooklyn. — 

'67 — Bridgham, Brown, Brovmson, Gracie, Hale, Harmer. 

'68— Van Arsdale, Barnard, Baxter, Carson, Geer, Fistor, Piatt, Schermer- 
hom, StalUinecht. 

'69 — Hooker, Munroe, Randolph. 

'70 — Haight, IngersoU, Waller. 

'71 — Fales, Goldschinidt, Ricketts, Roberts. 

'71 — McDowell, Sloane, Wendt. 

'73— Collon, Motl, Webb, Williams, 
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'74— Atlen, Benedict, Camernn, Murray, Olcolt, Reeti. 

'75 — Jackson, PutnBin, Russell, ThompMU, Wells, Tucker. 

'76— Garrison, Gralacap, Hftll, HamiltoQ, Hulton, King, Love, Maghee, 

Horewood, CGrady, WallbfidBe. 
■77— Beard, Behr, CanReld, Caldwell, Colby, Constant, Comell, Hildreth. 
Ihlseng, Mackintosli, Norris, Sage, Smeator, Smythe, Tliacher (in 
California?) Van Boskerck, Walerbnry. 
'78 — Cashman, Butler, Drummond, EUiott, Haas, Hodges, Holden, Johnion, 
E.M., Johnson, G.H,, Morewood, Morris, Munsell, Ne\¥berry, 
Noyes, Owen, Parker, 
'79— Brilton, DeLiue, Haffen, Hathaway, Hollerith, Hoilick, Johnson, John- 
ston, Mayer, Merwin, Munroe, Ncflel, Nesraith, Reed, Suydam, 
William*. 
'80— Beebe, Bcnjimio, Butler. Churchill, Engel, Greene, Greenleaf, Hallock, 
Hendricks, Hooper, Uopke, Hudson, Mattison, Merritt, Parks 
Robinson, Torrey, TonneW, Walker, 
'81 — Andresen, Aschman, Braschi, Bash, Colby, Dunham, Elliott, Fiuman, 
Lcary, Little, Me^role, Pitkin, Raymer, Richnuind, Share, Starr, 
Van Sinderen, Vultt, Wiechmann, Williams. 
North Carolina.— Cia/f/ffi//; BrDgman, 'So. Charlettt: Hanna, '68. High 

Paint: Sawyer, '81. Salisbury; Cady, '77, 
Ohio. — Citieinnali: Lord, '76. Cltveland: Foote, '7& Obertin: Wright, '75. 

Toledc: Tuttle, '81. 
Pennsylvania. — Philadilphia : Lillie, '74; Ludlow, '79. Pitlsturg: Lenox 
Smith, '68; Robertson, "71 ; Palmer, '78; Singer, G., '80; Singer, G. H.. 
'Bo. Riddleiburg . Kelly, '77. 
Rhode Isi.and.— yV™^/ ; Willis, '78. 

Tennessee.— A'fljAw/// .■ Campbell, '69. Traey City: Davis, '78. 
Texas. — liarrisburg: Hollis, '78. 
Utah.— OfAn; Bleecker, '81. Park City: Rhodes, '79. Salt Lake City: 

Knapp, '70 i Terhune, '70 ; Rhodes, '74 ; Schnoder, '74 ; Wheeler, '80. 
Wisconsin. — Maditon: Irving, '69, 
WvoMlNO. — Cheytnne: Olmstead, '78. Ravilim : BIydenburgh, '78. 

Deceased. — HacMartin, '6S ; Blossom, '69 ; Newton, '69 ; Jenney, '72 , Lamson, 
'75 ; Clark, '77 ; Priest, '77 ; Stewart, '79, 

Address Unknown.— Coursen, '68 ; Pfister, '75 ; Perry, '78 (Colorado?), 

R. I>. Irving {'69) promises, during the present year, to contrib- 
ute to The Quarterly. Professor Irving's field-work and writings 
on the Geological Survey of Wisconsin, tlie latter forming a large 
part of the two bulky volumes published by the Survey, and his nu- 
merous articles and papers, published in journals and the transactions 
of scientitic societies, speak for themselves. Any article from his pen 
is certain to be both interesting and of great value to the readers of 
The Quarterly. 

A. F. Wendt, E,M. ('72), we see from a card in the daily papers, 
started recently for Tombstone, Arizona, on professional business. 
We send by hini our regards to Church and Van Blarcoiii. 
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Dr. J. H.Tucker ('75) is located at rao Front Street, New York, 
as analytical chemist, giving special attention to sugar work. Mr. 
Tucker's long experience in connection with sugar refineries in Balti- 
more and New York, and researches on sugar, have recently been 
etiibodied in a valuable work, published by Van Nostrand, a review 
of which will be found in another place. 

D. A. Joy ('75) is located at Ann Arbor, Michigan, and must now 
be ranked among our medical graduates, as we see that he has taken 
the degree of M.P. in the University of Michigan. 

F. N. HoLBRoOK ('76) writes from Corralitos, Chihuahua, Mexico, 
where he is Superintendent of the Corralitos Mining Co., as fol- 
lows : " There are three of us School of Ntines' men here, and to 
talk about ' old times ' in the school, and especially in the ' Assay 
Lab.,' is a recreation we often indulge in after our hard day's work. 
We are busy, as you can imagine, erecting furnaces and getting things 
into shape, which for the past six weeks has been vexatious work, on 
account of the continual rains that destroy in a few hours the work of 
days. While the work goes on here, I am out in the mountains with 
the diamond-drill, prospecting. 

" To-day, being mail day, I came in for letters, etc., but, as usual, 
the mail-rider has not come, and it is doubtful whether he will be here 
this week. What with the Indians and swollen rivers, we get our 
mail when we can. This is a most beautiful country at this season of 
the year. Everything is green, the grass growing to the very summits 
of the mountains. There is one great drawback, and that is the In- 
dians. We work, while in the mountains, with revolver and cartridge- 
belt strapped about the waist, and, most of the time, rifle over the 
shoulder or within grasp. The red devils came on to our grant again 
yesterday, on the western limit, and at what nioment they will be at 
the other end where we are working ' quien sabe.' " 

S. A. Reed ('77), of Irwin, Gunnison Co., Colorado, promises us 
some contributions on the subjects of ore-dressing and ore -sampling. 
He says ; " We intend putting up concentration works for rather diffi- 
cult iH-es, and may have something interesting on that subject." 

William Kelly ("77) writes from Kemble Furnaces, Pennsyl- 
vania, sending us results of a series of experiments on the production 
of chilling irons, which we publish in this number, as they were received 
too late tor the spring number. Mr. Kelly holds the position of Super- 
intendent to the Kemble Coal and Iron Co., Riddlesburg, Bedford 
Co., Penn. 

F. W, Floyd C77) writes us from the United States Engineer 
Office, the headquarters of the Geographical Surveys West of the 
tooth Meridian, Washington, D. C., as follows: 

" I have just received your letter accompanying The Quarterly, 
and take pleasure in forwarding my subscription, with the hope that 
the effort to establish a communicating medium between the graduates 
will prove a success. 

" As you perhaps know, the Geographical Survey is now com- 
pleting its reports and maps, all field-work having been suspended, 
5 
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and T am compiling the results of the geodetic and hypsometric com- 
putations. 

" Probably the most distinctive feature of the field-work is the de- 
termination of the vertical element, or altitude, by means of an aneroid 
profile of the meandered route for each day, usually a distance of from 
fifteen to thirty miles. Nearly all railroad engineers find the aneroid 
barometer useful on preliminary lines, and our work shows that when 
checked with a mercurial barometer, it can be applied to a greater 
extent than seems possible with such a variable instrument." 

CoRTLANDT E, Palmeb ('78), writing from the office of the 
Engineering Department of the Pennsylvania Company, Pittsburgh, 
Pa,, promises us an article on '■ Plate-Girder Bridges," as soon as he 
can find time for it. He says, however ; " I have been too busy to 
think of anything but ' railroad ' since I returned from my New York 
trip ; holidays, Sundays, and every other day crowded with work, and 
half the nights beside, 1 have just completed the location of the 
branch road of which 1 spoke to you, and shall have charge of the 
construction, which begins at once." On the official letter heading 
we see that the Pennsylvania Company are operating the Pittsburgh, 
Fort Wayne & Chicago R. R., and branches, the C. & P. R. R., the 
A. & P. Ry., the E. & P. R. R., and the N. W. O. Ry. I'rom this for- 
niidable array of initial letters, we infer that Mr. Palmer's chances for 
leisure are small. 

We understand that our rifle-team graduate, Mr. C. E. Blyden- 
burgh ('78), has located permanently in Rawlins, Carbon Co., Wyo- 
ming Territory, where he is actively engaged in engineering and as- 
saying work, besides holding the position of 'I'erritorial School 
Inspector. 

T. H. LeGCett {'79) writes from the Soiedad Mine, near Batopi- 
las. Chihuahua, Mexico, under date of August 31, 1881, as follows : 

" My trip down was a very cold ont, especially in Colorado, but 
I succeeded there in seeing the Bobtail and Freeland Mines pretty 
thoroughly, not accomplishing much in Georgetown, however, on 
account of Christmas intervening. It was the middle of February 
before I finally leached Batopilas, having to wait a month in Chihuahua 
for mules on which to cross the mountains, but while there I spent some 
very pleasant days with Browning, of '80, going with him to visit the 
mines at Ctisihuiriachic, where he now is, and also visiting the Santa 
Kulalia Mines of the same company, which are just out of Chihuahua. 

" As to the work 1 have been engaged in ; For the first six weeks I 
was very busy surveying the catacombs and labyrinths Known as the 
Mines of San Miguel — Mexican workings so confined and irregular 
that I used chielly the string and swinging compass. 

"After finishing my maps, I ivent up on the mountains a couple of 
miles from the hacienda, lo take charge of the Camuchin S. M. Com- 
pany's property, where 1 was engaged in running two tunnels, and 
sinking two shafts ultimately to connect with them, first having to 
trace one vein as far as possible and direct tunnel to cut it by survey, 
which 1 succeeded in doing, and in Camuchin to explore the old works, 
finally locating and partially cribbing a new shaft as a working point. 

'- After getting things a little more ship-shape there, thougn much 
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remains to be done, I came here — a day's ride south of Batopitas — 
in July to examine and exploit three veins, hitherto sufficiently 
scratched by the Mexicans to show they contain some metal. 

"The country is entirely different from that of the native silver-bear- 
ing districts near it, being entirely volcanic rock, the veins segrega- 
tions of heavy spar, carrying gray copper, galena, and socnctiiiies 
black silver. 

"As I have only a force of abont twenty men, shall have to be 
here rather longer than I anticipated for this prospecting work. Mex- 
ican cheap laboi' I find thus far pretty well offset by its scarceness and 
unreliability. Very few of the men are good miners, in the simplest 
sense of the word, that of pointing holes and sharpening drills ; each 
set does its own smithing here, 

" As have had to do both in breaking in some of the green ' ran- 
cheros' around here, have found the practical work in that line at 
Alineville very nseful. 

" At present am nmning drifts on two of the veins, and sinking a 
shaft on the third. Hiisy also in sampling for assay, making sketch 
maps for reports, etc. As veins are all far apart, spend considerable 
time on mule-back ; but mining life in this country, in its roughest, is 
not so bad, I judge, as they have it in our Western mountains. 

"Am living at present in a 'jacal,' or palmetto-thatched hut, on 
the mountain side, with cows at hand to furnish milk for coffee, hnd- 
ing corn-cakes, or ' tortillas,' and fresh cheese a fair siibsdtute for 
bread and butter, and sweet corn and beans at hand in the ranches. 

" Shall return in a month or so to the hacienda, where Mr. Wal- 
ter M. Brodie, ofClausthal, is in charge of the metallurgical work, 
with W, J. Adams, class of '78 assisting him- 

" Received the March copy of Thk Quarterf.y, and was so much 
pleased with it and its object of holding together the graduates, that I 
not only sent a subscription^received, I hope, ere this — but started 
a few notes on harbor surveys, which lie at present unfinished, from 
press of work. If, however, you think the subject acceptable, will 
endeavor to finish them — I pause to brush off a too familiar centipede 
crawUng over the table. They, with the scorpions and tarantulas, form 
a very unpleasant feature of the country, but; like all other things, one 
has only to become accustojned to them." 

F. D. Browning ('80), writing from Cusihniriachic, Chihuahua, 
Mexico, says that the work of " looking after the reduction of our ores, 
the mining operations, and the constniciion of new works," keeps him 
busy. " VVhen I first came here I found the tailings from lixiviation 
running twenty ounces per ton, with probably an equal loss through 
the chimney. I kept my assay furnace hot most of the time, till I 
reduced the loss in tailings to about five ounces, and had dust cham- 
bers budt to reduce the chimney losses. By deferring the addrtion of 
salt till near the end of the roasting, instead of adding it at the begin- 
ning, with the ore, as had been the custom, the most of the loss of 
silver was prevented. , 

A. D, Churchill ('80) holds this year the position of Assistant in 
Drawing to Mr. Pistor. With the increase in the size of the classes 
which has taken [jlace this year, without a corresponding expansion 
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of the walls of the drawing-room, Messrs. Fistor and Churchill find 
niticb difficulty in placing their men. 

A. M. Parker ('8o) writes from Silver Cliff, Colorado : " I was 
examining, a short lime ago, some Cornish jigs at a custom concenirat- 
ing mill near by. Tliev were endeavoring to concentrate ores of nickel 
and cobalt. The specific gravity of the gangue and ore was very nearly 
the same, and consequently the success was not over encouraging. 
The concentrating mills here are in some cases well designed, but at 
times run rather loosely, with large losses," 

P, E. Chazal ('8i) is at work in Northern Georgia, examining 
mineral properties and prospecting in the interest of some parties in 
Atlanta. 

A. L. Beebe ('8o), is .Assistant in Assaying, and may now be daily 
seen in the Assay Laboratory, where he is doing excellent work, 
having thoroughly fitted himself for the position during the past year. 

Chas. p. Bleecker ('8r) is located as assayer at Ogden, Utah, 
where he is engaged in thoroughly testing the deposits of that district. 
He draws attention to an interesting case of a magnetic sand, which, 
while showing well in the pan, for some reason does not give good 
results by fire assay. This is evidently a subject for investigation, as 
either there is something present in the ore which acts upon the gold, 
or else the ore has been doctored. 

C. P. Sawyer ("Si) writes from High Point, North Carolina, 
where he has for some liltle time been actmg as assayer for the Hoo- 
ver Hill Mining Co., that he has been advanced to the i>osition ol 
assistant superintendent. 

Wm. W. Share {'8i) has been appointed Assistant in Physics in 
place of Dr. M. C. Ihlseng, who has accepted a professorship in the 
Colorado State School of Mines. 

The common practice in many colleges of conferring the degrees 
of D.S. and Ph.D. without examination, as an honorary degree, still 
agitates the minds of those who have earned their doctorate. Reso- 
lutions have been passed by the American Philological Association, and 
recently by the American Association for the Advancement of Science, 
deprecating the custom, and a committee has been appointed to ad- 
dress a memorial on the subject to the trustees of all colleges. As the 
matter now stands, fully half the degrees of Ph.D. conferred are hon- 
orary. 

The time draws near when the annual circular of the Alumni 
Association of the School should make its appearance, preparatory' to 
the holding of our Alumni dinner. 

It is desirable that our address list should be as perfect as possible, 
in order to render the labors of the resident Secretary less arduous. 

We ask, therefore, that graduates receiving The Qitarterlv, will 
inform us of any changes or corrections to be made. We note the 
following, which have already been communicated : 
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Lt Tombstone Mining Co., 

1875— Magnus C. Ihlseng, E.M., C.E., Professor of Eng^eermg, State School of 

Mines, Golden, CoL 
1875— Arthur Maqr, Superintendent Silver Mountain Mining Co. , Ophir, Ci^ 
1S75 — John Krom Kees, A.B., A.M., E.M., Instructor in Geodesf sjid Astronomj, 

and Director of the Observatory, ColumUa CulJege, New Vork. 
1S76— Francis Newberry Holbrook, C E. , Corralitos, Chihuahua, Mexico. 
1877— Henry Gilbert Clirk, E.M., C.E., died of typhoid fever at Aurora, Nev., 

Angiul 2, 1S81. 
1877— William Kelly, A.B., E,M., Superintendent Kemble Coal and Iron Co., 

Riddtesburg, Bedford County, Fa. 
1878— W. J. Adams, Assistant Metallurgist Batoplas Silver Mining Co., Batopi- 

las. Chihuahua, Mexico. 
1878— W. B, Devereux, A.M., E.M., SuperintendcHt Takoma Copper Mining 

Co., Globe, Arizona. 
1878— William Stiieby, E.M., Professor of Mctatlurey and Assaying, Colorado 

Springs, Col. 
1879— F. B. Slevart, Ph.B., '79, died of typhoid fever at Harlem, N. V., Augusl, 

1879. 
1880— Alfred Lockwood Beebe, Ph.B., Asstsiaot in Assaying, School of Mines, 

Columbia Collie. 
1880— Frank B, Benjamin, C.E., lelurned from Europe ; address, 31 West Nine- 
teenth Street, New York. 
18S0— WiUiam Frederic Bnigmann, Pb.B.; address. Chapel Hill, N. C 
1880— Robert Olto Francke, Cuba. 
1880— James H. Merritt, Ph.B.. Chemist Bradley White Lead Co.. iSl Water 

Street ; address, 184 Lefferls Place, Brooklyn. 
1880— Juan A. Navarro, Student in Europe. 
1880— Frederic A. Potls, Jr., returned from Europe. 

1880— Theodore Tonnelf:, Ph. B. ; address, 48 East Sixty-eighth Street, New York. 
iSSi — Charles A. Andresen, E.M., with Pickard & Andresen. 8 Gold Street, New 

York. 
1881— F. T. Aschman. Ph.B., with A. W, Hale, 71 Broadway, New York. 
1881— C. P. Bleecker, E. M., Assayer, Ogden. Utah. 
l8Si_V. M. Btaschi, Ph.B., Resident Graduate; candidate for degrees of E.M. 

and Ph.D. ; address, P.O. Box 4,303. New York. 
1881— E. R. Bush, E.M.; address, 45 East Nineteenth Street, New York. 
1881— P. E. Chaial, E.M, care of Langston, Crane & Co., Atlanta, Ga. 
1881— A. r, Colby, Pb.B., Inspector Stale Board of Healtli; also Resident Grad- 
uate; candidate for degree of Ph.D. 1 addreiis. School of Mines, New 

Vork 
1S81— E. M. Douglass, C.E., Erie Railroad; address, 143 South Division Street. 

BufUlo, N. V. 
1881— Edward K. Dunham, Ph.B., Student Collie Physicians and Surgeons; 

also candidate for d^ree of Ph.D., School of Mines; address, "The 

Florence," Eighteenth Street and Fourth Avenue, New York. 
1881— Arthur H. Elliott, Ph.B., Assistant in Chemistry, Colli^ Physicians and 

Surgeons; also candidate for Pb.D., School of Mines; address. School of 

Mines, New York. 
i8S(— H. Van F. Furmon, E.M., Walker House, Salt Lake City, Utah. 
t88i— W. T. Griswold, C.E., Sinalo and Durango Railroad, Culiacan, Mexico. 
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1881— F. A. Hemmer, Jr., Fh.B., Student of Metallurgy, Clausthal, Germany. 
1881— C. B. Judd, E.M., United States Deputy Surveyor, Tombstone, N. M. 

-D. J. Leary, C.E,, fourth year Student in Mining Engineering, School of 
Mines, New York. 

l83l — Augustus D. LedouK, Ph.B.; tddreu, Comwall-on- Hudson, Orange County, 
N. Y. 
— W. P. Little, E.M., Resident Graduate, Course ia Architecture; address, 

60 West Fortieth Street. 
— W. M. Meserole, C.E., Topographer, Central Railroad of New Jersey; 

address, 590 Lorimer Street, BrooUlyn, N. Y. 
— Percy Neyman, Pli.B., Student in Cliemistry, Berlin, Germany; address, 

care E. H. Neyman, 97 Maideo LAne, New York. 
— M. J. O'Connor, E.M., San Jose Mine, Egan Cafion, Nev. 
-T. D. O'Connor, Ph.B., Resident Graduate ; candidate fiH-degree of Ph.D.; 
address, 41 West Twenty-eighth Street, New York. 
iSSi— Lucius Pitkin, Ph.B., Chemist, Laurel Hill Chemical Works, Penny Biidge, 

L. I. 
1S81 — George S. Kayiner, E.M,; address, 63 Seventh Avenue, Brooklyn, N. Y. 
— W. T. Richmond, Ph.B., Chemist, United States Geological Survey. De- 
partment Lake Superior; address, 30 West Sinty-first Street, New York. 
—A. C. RoberiB, E, M., Sinolo and Durango Railroad, Culiacan. Mexico. 
1S81— C. P. Sawyer, Ph.B., Assistant Superintendent Hoover Hill Gold Mining 

Co., High Point, Guilford County, N. C. 
18S1— W. W. Share, Ph.B., Assistant in Phyucs, Columbia College ; addresx, 336 

Navy Street, Brooklyn, N. Y. 
lS8t— Ch:indler U. Starr, C.E., New York, Buffalo, and Western Railroad; ad- 
dress, 103 East Sixteenth Street, New York. 
— T. B. Steams, E.M., Metallurgist, Alta Montana Mining Co., Wickes. Jeffer. 

son County, Montana. 
— A. E. Swain, E.M., Sinalo and Durango RailToad, Cnliacan, Mexico; ad- 
dress, via San Francisco, CaL, and Mazatlan. 
— E. G. Tiiltle, E.M., Assistant Engineer, Ohio Railroad, Toledo, O. 
—A. H. Van Sindereu, Ph.B., Studeiil, Columbia Law School; address, 178 

Columbia Heights, Brooklyn, N. Y. 
— H. T. Vultfe, Ph.B.; address, 7 Sutton Place, New York. 
— F. G. Weichmann, Ph.B., I'rivate AsMSlant to Professor Chandler; also 

Re^dent Graduate, candidate fnr degree of Ph. D. 
— W. W. Williams, C.E,, fourth-year Student in Mining Engineering, School 
of Mines, New York ; address, WethersReld, Conn. 
1S81— H. M. WUson, C.E, Sinalo and Durango Railroad, Culiacan, Mexico. 
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THE PROGRESS OF THE METALLURGY OF GOLD 
AND SILVER IN THE UNITED STATES. 

BY T. EGLESTON, Ph.D. 

The progress of metallui^ in the United States during 
the last thirty years has not only been vety rapid, but has 
produced very extraordinaiy results. Previous to the discovery 
of gold in California in 1S48, the United States produced but a 
small portion of the world's product of metals, and its people 
were not known as skilled in the mining or metallurgical sciences. 
The great coal-fields were known and worked, and iron was pro> 
duced in what would now be considered very small quantities. 
The discovery of copper on the upper peninsula of Lake Supe- 
rior, and of gold in California, showed the want of knowledge 
of. these subjects amongst our people, and undoubtedly gave the 
stimulus to the energy and enterprise which now makes the 
United States one of the greatest of mining and metallurgical 
nations. Twenty-five years ago there was no place in the 
United States where an elementary knowledge of either mining 
or metallurgy could be had in any of the educational institutions 
of the country. To-day a more thorough knowledge of these 
sciences can be had here than anywhere else. The prospector of 
these early days has been obliged to give way to the thoroughly 
trained mining and metallurgical engineer. No finer or better 
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examples of what skill and science can do are to be found than 
the works which have been erected in different sections of the 
United States within the last fifteen years. In the early days, 
when prospectors and mineral wands were more or less relied 
on, " science," which meant education in general, was looked on 
with suspicion ; the demand was for " practical men." But as 
soon as it became apparent that there was enormous wealth in 
the ground which could not be extracted by half-educated men 
with empirical means, science was called in. In the first few 
years the " scientific cuss," as he was called, was expected to be 
a mining, metallurgical, mechanical, and chemical engineer, and 
in all cases where he did not know, to improvise his knowledge ; 
but it was not long before experts in all these branches were 
to ■ be had, and, in consequence, new methods and new processes 
have resulted, so that mining and metallurgy have made more 
progress on this side of the Atlantic in _ the last thirty years, 
than had formerly been made in the Old World in more than 
one hundred. A quality of mind seems to have been produced 
by the mixture of races on this continent, which, while demand- 
ing for the people as a whole the most general information, ena- 
bles us to easily grasp details, while the eminently mechanical 
genius of our people leads us to adapt, improve, and invent 
machinery for every purpose, and thus, by replacing hand labor, 
to both improve and cheapen the cost of processes. 

The gold excitement in 1848 was produced by the discovery 
of the very rich placer mines on Sutter Creek, Amador Co., 
California, from which the gold in quite large pieces was easily 
separated by washing with water in a common pan. Shortly 
after, the discovery of a number of nuggets of large size,' and 

> A list of the large augg^U is not niihout JnieretL One of 3000 Ibi. ma re- 
ported to have been found in the Weit Indies and sent to Spain in a ship wUdi 
never reached its destination. 



HUGGBTS PI 

Sarah Sands, rSSo (?) aa3 lbs. 4 oi. Old Daisy Hill, 1855 73 Ibi. 4 01. 

Ballarat, 1853 184 " B" Ballarat, 1855 48 ■' 

" 13s " Bendigo, 1853 47 " 

Blanche Barkley, 1843 (7).. 146 " 6" Ballatat, 1855 40 " 

Two, 1849 'la " Bendigo, 1853 18 " 4 " 

One, 1S51 K* '* Daacombe, 185a aB " 

Maryboro. 18SS 88 " 4" Ml Blacknood, 1855 94 " 

Fryer's Creek, I8S5 84 •' 

UKAL UOUKTAINS. 

Heu MiaA, Siberia, 1843 96 lbs. I One 37 Ibfc 

In 1B78 78 " ISeveralof 16 " 
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the rumor that others had been found and cut into small pieces 
to prevent their value being known, caused the wildest enthu- 
siasm all over the United States. Some large fortunes were 
made among the crowd of adventurers who rushed to California, 
but no one can know of the misery and disappointment caused 
by this wholesale emigration. The success of the few was widely 
published, but the record of the failures was never made. What 
they must have been is shown by the fact that after the State of 
California had provided insane asylums for the percentage usual 
in other States, the authorities were obliged to double their 
capacity.' 

So entirely has mining formed a part of the history of the 
country, that the very words which express the miner's joy or 
sorrow, his success or failure, have passed into the current con- 
versation of society. To " strike it rich," to " find pay," to " pan 
out," or to " get down to hard-pan" or " to the bed-rock," indi- 
cate to the people of the Western coast their success or failure, 
their prosperity or adversity, more emphatically than any other 
words in the English language could do. 

It is very doubtful whether the Western States anS Territo- 
ries would have been settled even now but for the fabulous yield 
of the early discovered surface deposits. California had been 
more or less occupied for two hundred years by Spaniards and 
Mexicans. It was known in a general way that gold was to be 
found either in that country or districts adjacent to it. Shal- 
low -placers had been worked with very small results for a long 
time. Placer gold was discovered and worked in 1841.' In 
1843 gold-bearing quartz had been worked. But the discovery 



In 1730, one of 45 lbs. 

UNITED STATES. 

N. Carolina, Cabamia Co., 183S. 37 lbs. 



California, Sierra Co 31 ' 

" Georgetown, 1865... 17 ' 

N. Carolina, Anson 1819 10 ' 

California, Nevada Co S ' 



1B69 954 " 

N. Carolina, Reed Mine So " 

California, Sierra Co., 1871 (not 

aathcntlcated) ^A " 

Id England leveral nuggets of 40 ounces have been found, but none larger. 
None bare been found iu Brazil. 

' I have this italement from a former Treasurer of the Stale of Califoroia. 
» Engiiuiriitg and Mining Jeumal, vol. 31, p. 170. 
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tji goM in the duice of a mill depopulated, for the time bcin^, 
the city of San Francisco, brought a smalt population from 
China, and thousands from Mexico ; but the country was in a 
very few months taken possession of by men from the Eastern 
States, attracted there both by the fabulous stories about the 
gold and by their love of adventure. Everybody who could 
dig (and who could not ?) became at once a miner. It was not 
an unfrequent thing, so rich were, the deposits, for men who 
could not earn more than seventy-five cents a day where they 
came from, to make several hundred dollars between sunrise and 
sunset, with the rudest appliances, and with a loss of no one 
knows how much gold beside. This great gain was, however^ 
of but little use to him, because, having acquired it without 
much labor, no special value was attached to it, and he spent it 
a6 freely as he found it. The price of everything in California 
was, consequently, very high.' Trade was carried on as barter^ 
in which " gold dust," as it was called, which was of all sizes, 
from a nugget the size of the fist to an impalpable powder, an- 
swered the purpose of a medium of exchange. In every<d^ 
life the fine material was used in the place of coin. It was car- 
ried by the miners in buckskin bags which were opened for the 
merchant to take his own pay by repeatedly taking out what 
he could hold between his thumb and foreBriger. A single 
pinch from the bag was considered to be equal to twenty-five 
cents, which was the lowest value recognized ; two pinches were 
equivalent to fifty cents, four to one dollar, and so on. The 
honest (?) merchant of those days kept his forefinger pressed 
on a conical button in his waistcoat, in order to make a de- 
pression in it, so that the intrinsic value of the single pinch was 
often equal to a dollar, or even more. This was of no conse- 
quence whatever to the miner, who did not condescend to weigh 
his gold, except in the case of nu^ets or of large payments 
or bank deposits. 

At first, only the shallow and very rich placer mines were 
worked. They required no capital, and but an extremely lim- 
ited amount of intelligence and skill to work them. So long as 
they were easily found and the pay abundant, the separation of 
the gold was only approximative, and no special improvement 
was made in the processes of extraction- If the sand was very 



■ Flour, t7-SO per pound ; butter, the same ; a barrtl of pork, faia ; *J>ot^ 
of ale, tS ; a candle, I3 ; a tin pan, $9. 
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rich and water was not easy to be had, it was simply winnowed 
in a blanket, and what the wind did not blow off was amalga- 
mated when mercury could be procured, or it was panned in a 
sough way when water could be had, or was approximately 
picked out when there was neither water nor mercury. Any 
method was used without regard to toss, so long as the pay 
was made rich enough to transport, and could be sold by 
assay. 

By such rude methods only a very small percentile of the 
gold was extracted, but it would cost trouble to get it all out, so 
it was left where it was. The miner was then careless of his 
mode of working, giving no thought to the future, and was 
extravagant in his habits and methods. In less than five years 
after its first discovery, the quantity of gold had reached a 
maximum, and after 1853 began to decrease steadily. As the 
amount of gold diminished the methods of extracting it im- 
proved ; the miners became aware that they were losing gold, 
and little by little they ascertained that this loss occurred in 
several different ways : either it was not separated from the 
lumps of sand or clay, and was carried off with them, or it 
was so thin in the pay rock or became so thin in the process 
of extraction that it was buoyed up and carried off by the 
water, or was lost because the gold for some reason did not 
amalgamate. At^first he simply called this light gold "float" 
and the other " rusty," and made no very great account of 
it. But as it became evident that a very laige proportion of 
the gold in the " pay" was being lost in this float and rusty 
gold, he became anxious first to ascertain how much there 
was that he did not catch and what part of this was float — 
a material so light that it was carried off upon the water, and 
was thus swept away — and what part was rusty, that is, did not 
amalgamate with the mercury. To determine this he sought 
for machines to work with. The miner's pan had up to this 
time been the tool with which he " got the color," which is the 
expression used when the gold begins to appear after washing 
the pay dirt in a pan ; but when be found that he must have 
other appliances, the miner of 1848 took the processes which he 
found in use by the Mexicans and the Mexican Indians in Cali- 
iomia,- and adopted them bodily. These were, the miner's pan, 
which he adopted when he first came into the country, and con- 
tinued to use so long as the placers were very rich ; the arastra, 
aad the Chilian mill upon which so much ridicule has been cast 
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in later times, and to the principle of which we shall probably 
have to come back as the gold grows scarcer. The rude methods 
of concentration associated with these machines were the only 
methods that he found there, and these he accepted without at 
first thinking of any improvement. 

With the altered condition of affairs every experiment that 
want of experience or an active imagination could suggest was 
tried. Every man improvised himself a miner, and felt it his 
bounden duty to commence where Tubal-cain did, but without 
his intelligence. The sum of all that is left of these experiments 
is the sluices, riffles, and undercurrents which are still in use. 
They alone represent the activity and energy which in the first 
few years produced hundreds of failures and brought loss and 
disappointment, and in many cases ruin, to thousands of men. 
But the necessities of the case had so stimulated the active 
minds who brought their energies to bear on the subject that 
the failures were individual, as the loss of wealth of a country 
which no one owned was not estimated, and consequently was 
not felt. The country reaped the benefit of all these efforts 
and all the gains, and in consequence has made greater strides 
in the way of progress, and more improvement in thirty years 
than has ever been made in a century by any other nation. 

It is impossible to estimate the losses which must have oc- 
curred in these early days by such rough methods of working. 
The " Forty-niners," as they are called, cared very little whether 
they got out all the gold. What they did care for was to make 
the greatest present profit not only between the first and last of 
the month, but between sunrise and sunset of every day. Sunday 
did not count for a holiday then. It was of no consequence to 
the miner what he lost, but it was of great importance to him 
what he gained. He recognized only to-day ; he knew and cared 
nothing about the time when through his slovenly methods gold 
would become scarce, and if he knew that he was losing gold 
his regret was for himself because he did not get it, and not 
that the country was a loser. He knew nothing about political 
economy, and would have cared nothing for it if he had. He 
was extravagant in his habits, generous to a fault, careless of 
his methods, entirely satisfied to let the future take care of it- 
self. By the time that the placers began to grow less productive 
the population of the country had increased to such an extent 
(hat, labor becoming abundant and wages so comparatively low, 
the necessity of living, which Talleyrand declared not to be 
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necessary, became a stimulus towards improvement in the pro- 
cesses and to the effort to save what had been previously con- 
sidered as not worth saving. More careful washing made men 
look for a more abundant water supply. The freer use of mer- 
cury enhanced its value and set the prospectors searching for 
mercury mines.' 

Our present methods, which are being constantly improved, 
appear extravagant to those who have been trained in the Euro- 
pean schools, because they do not take into consideration the 
fact that with a rate of wages much higher than in Europe, 
and with transportation at its maximum, their economies would 
cost more to carry out than they would yield. Hence the for- 
eigner coming to this country has generally to commence his 
education here by unlearning some parts of the knowledge which 
he has been taught to consider as his first principles, before he 
begins to acquire the new ideas which are essential to his suc- 
cessful practice among our mines and metallurgical works. 

There is in this country no impediment to progress and im- 
provement, as there is in Europe in what is known as ancient 
l^slation, where antiquated processes have become customs, 
and their use precedents not to be easily set aside. Their stat- 
ute books are full of laws preserving the rights of the govern- 
ment, of John Doe and Richard Roe, in certain specific things, 
and requiring in certain defined cases the following of ancient 
precedents or the use of obsolete processes and methods, the laws 
being made with reference to a condition of things which existed 
perhaps one hundred, three hundred, or even five hundred years 
ago, and remaining still unrepealed. It is undoubtedly in prin- 
ciple a wise precaution not to allow the investment of capital in 
mining enterprises without having the whole question both in a 
commercial and industrial point of view examined by govern- 
ment officers, and the government sanction given or withheld 
according as in the judgment of its officers it should or should 
not be given ; but it places a great deal of power in the hands 
of individuals who desire to hold the leading-strings, and does 
away with the individuality of enterprise which is one of the 
chief characteristics of our nation. The anxiety to prevent the 
individual loss in Europe often retards the prosperity of a whole 

' The discoTciy of very large depoiiti of the ores of mercuiy In Califoml*, 
aad the oiiginiil process invented there for working it, are even more remarkable 
than the progreu made in the itorking of the other metals. See Engimetring 
London, vol. aB. p. 339. 
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country, while the precedents as well as the written and unwrit- 
ten laws of some of the older countries, and the system of 
centralization in their governments which entrusts everything 
belonging to the government to corps or to the heads of bureaus 
at the seat of government, are great impediments to progress. 
In this country we are at liberty to deal with the necessities 
of the case as they occur. The impediments to progress are 
not too much but too little Uw, not ancient but conflicting l^;is- 
lation. These impediments are, however, incident to any new 
order of things, and it will not be many years before the last of 
these difficulties wilt be removed. 

When shallow placer-mtning became less remunerative, the 
question of transportation commenced to be a factor in the 
question of production. While a miner was earning $ioo a day, 
the fact that he was forced to " pack " every article he pur- 
chased for use as well as his gold on a mule to be carried for 
days or weeks, or concealed his treasure about his person and 
travelled on foot a considerable distance to invest or deposit his 
dust, was a matter of very tittle consequence in view of the large 
amount so easily earned.' 

But when he was reduced to " hard-pan" and only earned a 
Jittie more than was necessary for the sustenance of life, the 
question both of improved processes and of transportation be- 
came a very serious one, and had to be studied very carefully. 
At this point he either improvised himself an engineer of mines, 
and with^ready Yankee wit devised some process which would 
save " the color," or transported himself and his " outfit," which 
in those days meant what he could carry on his back, with his 
pick, spade, pan,' horn or spoon, or more probably all of them, to 
some locality which was not so far removed from civilization. 
Others on the contrary sought in localities farther from civilisa- 
tion richer pay diggings. 

It was not long before this continued migration produced its 
results, for while the miner at first searched only for gold and 
worked for gold alone, when it became scarce and the necessity 
of living became to him imperative, translating itself into the 
gnawings of hunger, other things became valuable besides gold. 



' The lafeCy and almost impuniEy with irhich large amounts were carried about 
die person In the earlj days of California mining waa owing la the lapidtty with 
which the vigilance commiiteei of those dajr* executed justice, which was mt only 
■pecdjr but severe. There were then no lawyers to impede the progress of what 
waa almost invariably real justice, and death waa usually the penalty lnflktMt 
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and be then stopped in his transit from one district to another 
in search of the precious metal to locate a silver deposit, some- 
times in the shape of lead ores, but he never, noticed iron or 
copper. It was not until long after that he made the discovery 
that copper ores frequently cany gold. 

PLACER MINING. 

The deposits of gold first worked were called placers. These 
were at first recognized as the dry and the wet, the dry being 
either ancient river deposits or recent river beds from which the 
water was gone. The wet placers were streams which were 
sometimes large rivers. In these placers the gold was within 
twenty feet or so of the surface. The dry placers were worked 
with pans and sluices ; the rivers containing the wet placers 
were dammed and the whole of the water turned into flumes or 
sluices. The river mud was then sluiced. As it was impossible 
to keep the river bed dry, both because the dam leaked and because 
the surface drainage could not be kept out, large wheels called 
" flutter wheels" were placed in the artificial channels, which 
pumped the water out of the river bed and furnished a sufficient 
supply of it to the sluices. Such workings were hazardous and 
expensive, for if the stream was at all large a single freshet 
might wash out the dam and the flume which carried the river. 
To make sufficient ; room to work and also to get enough 
ground to justify the expense, the flume carrying the water of 
the river was never less than two hundred and fifty yards and 
sometimes nearly a mile long. Such works were very expensive 
and somewhat hazardous, but sometimes yielded a very large 
profit. They were constructed by companies during the early 
days when the miners used less engineering skill and were 
willing to take more risks. Very few of these river claims 
exist now, and this kind of mining is already a thing of the past. 

As the placers g^ew poorer the gold was sought deeper, and 
it was then discovered that there were placers where the depth 
of the deposit was over three hundred feet, where the gold on 
the surface sometimes yielded only a few cents to the cubic yard, 
but was rich on the bed-rock, hence the name of deep placers. 
Only shallow or surface placers and deep placers are now recog- 
nized. It is estimated that two thirds of all the gold produced 
- in the world is taken from placer deposits. 

It is quite as impossible to form any adequate idea of the 
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amount of gold produced during these first periods of mining as 
it is to estimate the losses. No attempt was made tomakeanjr 
record at the time. The records of the custom-houses are the 
only ones made, and are necessarily imperfect ; they show that 
between 1S48 and 1854 over $3So,(X)0,ooo had been recordedr 
but previous to that time very lai^e sums had been carried away 
by those going either to Europe or to the East, either in their 
effects or on their persons, and while the amount carried by an 
individual was small, the aggregate must have been very large. 
In the next decade more perfect records were made, which show 
a gradual decrease, the highest point having been reached in 
1853 when the amount recorded is $65,000,000, and the lowest 
$26,000,000 in 1864. the total amount for the decade being 
$45o,ooo,ooa The next decade to 1874 shows a product of 
only $220,000,000, the lowest amount reached being $17,000^- 
000 in 1873. This rapid decrease gives a very fair idea of the 
amount which must have been wasted within the first seven 
years of the most prosperous time, when the records, tho 
very imperfect, give an average of $50,000,000 a year, while the 
year 1873, when the records were most perfect, gave only $17,- 
000,000. From 1873 to the end of 1880 the total product of the 
State of California was $135,113,000; the lowest annual product 
being $15,000,000 in 1877, and the highest $18,000,000 in 1874. 
The following tables, showing the amount in each year, have 
been prepared for me by the Director of the Mint at Wa^ 
ington. 
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It is remarkable that while up to i860 there was almost no 
gold produced in the Eastern States, and that while in that year 
only (1,000,000 is reported, between i860 and 1870 the amount 
produced gradually increased, until in 1866 it exceeded it, and 
only fell so as to equal it in 1870. In the next decade, from 
1870 to 1880, the largest amount produced in all the other 
States except California was $35,946,360 in 1878, and the lowest 
$15,490,902 in 1874; with the exception of 1874 and 1875 the 
Eastern States produced more than California, and in 1878 more 
than double the amount produced there. The total yield of 
gold in the United States in the year 1880 was only $36,000,000, 
or less than that produced by California alone up to 1862, with 
the single exception of the year 1848. 

It is extremely difficult to ascertain the amount of gold con- 
tained in the world, and it may be said that the best estimates 
from the most reliable authorities are but the merest approxi- 
mations. It is supposed, however, that the entire amount of 
gold in existence at the present time is not over $7,ooo,ooo,ooa 
As the value of a cubic yard of gold is $9,000,000, if all this gold 
were melted into one mass it would contain about 700 cubic 
yards, which would make a block about 25 by 25 by 31 feet, 
or less than the cubical contents of an ordinary small ctty 
house. 

Long before the fact that the gold was decreasing became 
known to the miners, it was evident that some new system 
would have to be used to extract it. The miner's pan, a house- 
hold utensil, was used not because it was the best adapted to 
the work, but because it was the most available. It was an ex- 
ceedingly rude apparatus. It was made of sheet-iron from four 
to five inches deep. It was filled two thirds full of dirt, and put 
into a hole about one foot deep filled with water, and the con- 
tents of the pan well stirred with the hands ; the pan was then 
taken in both hands, inclined slightly outward, and shaken so as 
to give a circular motion to the contents. The fine material 
flows in this way over the sides. When this has been done long 
enough, the stones are removed, any lumps of clay are broken 
with the hand ; then depressing the outer edge, it is shaken until 
nearly everything but the black sand is out of the pan. This is 
separated by blowing. It required great skill, and gave a large 
loss in gold. It is now rarely used except for an assay for color, 
for which the shovel can also be used. The pan was used for a 
long time after other .machines were introduced, but it soort 
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became necessary to have other implements. As an instrument 
for concentration, it was succeeded by the cradle or rocker, 
which was not unlike a child's cradle, whose maximum capacity 
was 5 to 6 cubic yards of earth a day. It required two men to 
work this cradle efficiently, one to rock and pour on water, and 
one to bring the pay dirt and the water, whose weight was at 
least three times that of the dirt. The pay dirt was thrown 
upon a screen whose object was to separate the large stones and 
to help to break up the clay; the purpose of the water was to 
take up the finely divided particles. The concentrates are then 
panned. A pan contains about half a cubic foot of pay dirt. 
A one<man rocker could concentrate from lOO to 150 pans a 
day, and a two-man rocker twice as much. It is a very slow 
machine, must always be placed near the water, no matter what 
the distance of the pay dirt is, and even when used with quick- 
silver loses a very large amount of fine gold and all the float 
gold. 

The cradle was succeeded by the " long Tom," which for 
nearly two years seemed a great improvement. It consists of a 
rough trough or launder eighteen feet wide at the upper end 
and thirty feet at the lower, and twelve feet long. The lower 
end is terminated by a screen of iron whose edge is so high that 
the water does not flow over it, but drops with its contents into 
a trough below provided with riffle bars and mercury. The pay 
is thrown in at the upper end and mixed with water; what 
passes the screens comes in contact with the mercury and is 
caught, but much of the fine and alt the float gold is lost, 
tho it is a better machine than the cradle. As many as four 
men can work at a Tom, but it is now rarely seen. 

At the same time a puddler was used, which was a barrel cut 
in half or a rough wooden box six to eight feet square, and twelve 
inches high, with an inch and a half hole four inches from the bot- 
tom. The pay was thrown into thisandbrokenupand mixed with 
the water until it was all in suspension. When the plug was re- 
moved, the thin mud was allowed to run out and the operation 
commenced again, and so on. The gold was collected in the 
bottom. The puddler never ■<fia used in this country except in 
small claims where water wsa scarce, but has been very success- 
fully and extensively used in other countries where water was 
not abundant. 

The next improvement was the sluice, which, altho it had 
been formerly used elsewhere, is as much a California invention 
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as if It had never been used before it was invented here. It 
consirts of a trough or launder made of rough one and a half 
isch boards eawn for the purp<»e, and nailed together without 
any pretence of making them fit, as it becomes tight by the 
swelling of the wood and the filling up of the cracks. The sluice 
is composed of a series of boxes, as they are called ; each box is 
twelve feet long, sixteen to eighteen inches wide at one end, and 
twenty to twenty-four at the other. The hei^t of the sides 
varies from eight to twenty-four inches, according to the kind 
of material to be used in it. The narrow end of one box fits into 
tbe wide end of the other. The length of the sluice is estimated 
in boxes ; it should not be less than fifty feet long, and often 
consists of hundreds of boxes put together supported on rough 
tresties. The inclination is regulated according to the neces- 
sities of the case, and is called the " grade," which always has ref- 
erence to the box. It is usually eight inches for a minimum and 
thirty inches for a maximum in twelve feet, or the length of a 
box. It is generally uniform, but sometimes is made to conform 
somewhat to the lay of the ground. The tougher the dirt, the 
longer and steeper the sluice must be. With a rapid descent 
the dirt is also much more easily separated, but the greater is the 
loss in gold. The boards are not only rdugh on the bottom and 
sides, but to prevent too rapid wear, and also to help to catch 
the gold, strips of wood are fastened in the bottom of the box, 
either in the direction of its length, which is most usual, or 
across it. These pieces of wood are from two to four inches 
thick, and from four to six inches wide. When longitudinal 
they are six feet long, so that two sets go in a sluice. The riffles 
are wedged in so that they can be easily removed for a clean-up 
or for repairs. The bottom of each box is thus filled with a 
screen of rectai^ular cavities which are the width of the distance 
between the rifHes, and have their length and depth. Here the 
quidcsilver which is put in at the head of the sluice rests and 
catches the gold as it sinks in the more or less rapid current. The 
water is generally made to run two inches deep over the riffles. 
The pay dirt is thrown in with shovels. The first dirt, which is 
always poor, goes to fill up the spaces between the riffles. The 
water, washing over this, washes out the earth and clay, the sand 
and gravel, and even the stones. No mercury is added until after 
the sluice has been running about two hours. It is then put in 
at the head and finds its way down the sluice, most of it being 
caught not far from where it is pul in. One man can throw ia 
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from two to five cubic yards of dirt a day. The number of men 
that can work depends on the length of the sluice and the lay of 
the ground. Sometimes when the earth to be washed contains 
lai^e stones, an undercurrent is used. The end of the sluice is 
then open. It terminates with a grating of iron bars long 
enough to allow all the water to pass with the fine material 
through the grating, but allows the stones to roll out on the 
ground. The whole of the water and dirt is caught in a 
short sluice below and dischai^ed into one parallel with the 
main sluice, which is thus continued. This undercurrent, tho 
sometimes used with the ordinary sluice, is an indispensable 
part of the plant for hydraulic mining. The sluice is simple 
in construction and use, requires but little outlay of capital, 
and is very effective. Unlike the outlays usually made in min- 
ing, the whole of the plant in use can be readily taken down 
and transported to another claim when the first is washed 
out, and set up there as effectively as if it were new. There 
is one precaution that must be taken with it, which is that 
lumps of clay must not be allowed to travel along it with- 
out being broken up, for they are liable to pick up the gold as 
they roll and carry it off with them. 

Getting the amalgam out of the sluice is called cleantng-up, 
and the time between one clean-up and another is called a run. 
The length of a run will depend on the richness of the deposit, 
but is usually from six days to two weeks, occasionally longer. 
A clean-up occupies about half a day, and is usually done on 
Sunday. To do this the water is allowed to run after the dirt 
is no longer thrown in, until it is quite clear; six or eight sets 
of nfHe bars are then taken out at the head of the sluice, and 
the material washed down, while the amalgam is caught at the 
head of the next riffles. This is taken out. The next set of 
riffles are then taken out, and so on. The excess of mercury 
is strained from the amalgam by twisting it in a buckskin bag, 
and the rest is driven off by heat. 



HYDRAULIC MINING. 

For many years the sluice was used to work neariy the whole 
of the placer gold of the country, and it is still the most availa- 
ble way for persons of small capital to treat the shallow placer 
deposits. It must always be looked upon as a process of great 
historical interest, for out ot it hydraulic mining grew, which 
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is one o£ the most marvellous achievements of modem engineer- 
ing skill, to which the State of CalifotTiia is more indebted than 
to all other inventions of mining and metallurgy put together 
There are localities where poor, shallow placers are found, where 
water is scarce during most of the year, but abundant at certain 
seasons, and where the grades are heavy. For these placers 
another sluice was used, known as the ditch or ground sluice. 
A small ditch is cut through the placer and the water turned 
into it, the first object being to deepen and enlarge the ditch to 
the proper size. When this has been accomplished, the banks 
are pried into the stream. No mercury is used, but cobble- 
stones are thrown into the bottom of the ditch so that the 
gold may settle between them. The effort is to concentrate 
the gold in the dirt and then work it up in a short board sluice. 

These two methods put together were the germs of hydraulic 
mining now so extensively used in all parts of the world, not 
only for gold mining, but for the removal of dirt from other ores. 
It appears singular that the name of the man who really invented 
the most remarkable process of this century should be as lost to 
history as if he had never existed ; but in the struggle for exist- 
ence, as the shallow placers grew poorer and poorer, and the goM 
was found at constantly increasing depths, the man was lost 
sight of, while his work has now been so perfected that it is one 
of the marvels of the union of modem engineering skill with 
capital. The process of hydraulic mining was invented in the 
spring of the year 1852, on the Yankee Jim claim in Placer Co., 
California,' where an enterprising miner, finding that he was not 
making sufficient money, began working his claim with a shallow 
ditch in the side of a hill leading to an ordinary barrel, from the 
bottom of which a cowhide hose was carried and discharged by 
means of a tin pipe against the bank, and he thus became the 
father of one of the greatest of modern inventions, hydraulic 
mining. 

There is another kind of placer which deserves notice, both 
because it is interesting in itself and because it has been the 
source of disappointment and loss to so many. This is the 
beach gold, which occurs between Point Mendocino in Northern 
California and the mouth of the Umpqua River in Southern 
Oregon. The cliffs along the ocean front seem to be the remains 
of an ancient river deposit They contain gold, and where 

' Bnginttrittg, Loiidoa, Gng., vol. 14, p. 353. 
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washed by the waves often show the shore for miles glitterii^ 
with it. It is very uncertain, however, for what appears to-day 
is washed away to-morrow. No dependence can be placed on 
finding in the morning the deposit of the day before, so that all 
haste is made to cany the sands which are rich enough to some 
safe place inland to be washed and amalgamated. The beach is 
very narrow, and when the waves are high they wash against 
the bank. The gold is washed out with the heavy sand, and as 
the particles are very fine, it is carried down to near the low- 
water mark. When the ocean is still, sands of variable richness 
can be collected, but the waves are often so high as to wash all 
the sand away to the depth sometimes of six feet, and leave the 
bare rocks exposed. So changing and shifting is the value of 
the deposit that it has to be examined every day, and the wash- 
ing of the following day may sometimes be six miles from that 
of the previous one. Such sands as these must be very rich to 
make it pos«ble to run the risk of washing them and to bear the 
transportation to fresh water, as salt water is of too h^h a spe- 
cific gravity to work with, for which reason the attempt to woric 
these deposits by dredging has not been successful. It has been 
proposed to bring water from a distance and turn these mines 
into hydraulic placers washing down the banks, and dependii^ 
on them for their profit, leaving the beach sands as an accessory. 
The tails would not then be a question of importance, but the 
economic results of such an enterprise would be very doubtful. 

After the introduction of sluicing either on a large or small 
scale, the pan, the cradle, and the rocker were very rapidly 
abandoned to John Chinaman, who always succeeded in living 
off the placers that had been abandoned by the " honest miner," 
who, however, never had any compunction, if he found the Chi- 
namen were tolerably prosperous, in jumping their claims and 
driving poor John off to find some other place for his enterprise 
and cheap labor. 

From hundreds of dollars a day, by a gradual decrease 
stretching over a period of from fifteen to twenty years, the g<dd 
became scarcer and scarcer, until now it has become necessary 
with improved appliances to work in the deep placers material 
which contains from 3 cents to $1.2; per cubic yard.' 

' In the apring of iSSo I was informed by the President of the North Bloom- 
field Mining Company that they were now worlcinK nith a profit gravel conuJnlng 
only three centa to the cubic yard, when only a few year* ago it wai conildered a 
oiarvel to be able to wofk that which yielded ten centa. 
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No better evidence of the progress that has been made in the 
working of placer claims can be had than the comparison of the 
cost of working them by the older and by the more recent pro- 
cesses. Adopting four dollars per day as the wages of a skilled 
miner, the cost of working a cubic yard of gravel as given by 
Phillips i&— 



I With the long Tom.. )i 00 

I " " hydraulic process. os 



In the very early days the capital required by a miner con- 
sisted of a pick, shovel, a horn and spoon and a pan, two stout 
hands, and a valiant heart ; but as the placer mines grew poorer 
this capital was no longer sufficient. It can readily be under- 
stood that such capital as was required in the early days did not 
necessitate any permanent location nor any very high order of 
intelligence for its use, and hence much of the surface was dug 
over and simply rendered difficult to work further without ex- 
tracting more than a tithe of the wealth contained in the ground, 
merely because the miner had no permanent interest in one spot 
more than another, and because his capital was entirely a rolling 
and not an invested one. Every man then was in business for 
himself, but as the gold grew scarcer, first money, and then intel- 
ligence and capital became factors in the equation, so that the 
capital required to work any one of these claims became lai^r 
and larger, until to-day it is estimated that the plant of the 
North Bloomfield Mining Company has cost not less thaa 
$3,000,000, and their works are marvels both for the originality 
and engineering ability displayed, consisting of dams 90 to 100 
feet high, ditches, pipes, and sluices many miles in length, and 
every hydraulic appliance which engineering skill and capital can 
add to their works. 

These deep placers are the deposits formed in the beds of an- 
cient rivers which have since been so covered by recent accumula- 
tions, or cut across by modem valleys of erosion that without a 
careful survey no one could recognize table-lands twenty miles 
distant as part of the same ancient river deposit. In some cases 
the gold-bearing material has been covered by beds of basalt 
one hundred and fifty feet thick.' In many cases the erosion 



* A OMp of the bMalt-ca.pped depoalu of the North BIoomfieM Co. i> | 
c Report of the U. 5. Mining Commltsioner for 187$, p. 116. 
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has been such that the bed of the old river is now one hundred 
or even two hundred feet above the surrounding country. 

To work these deposits, careful surveys of the whole country 
must be made so "as to be able to reach with a tunnel the lowest 
point of the bed-rock, which must be determined by sinking 
shafts upon it. The cost of this preliminary work may often be 
more than $ioo,OC», and instances have been known where 
from want of proper judgment tn the outset the whole of this 
sum has been lost. The location of the tunnel must be such 
that the pay dirt can be washed through it, and that it may 
form an outlet for all the material which is deposited after the 
extraction of the gold. Its construction involves the building 
of miles of sluices to catch the gold and carry the dirt away; 
the damming of streams to save the winter's water supply ; the 
storing up of billions of gallons, and conducting it in ditches, 
flumes, and wrought-iron pipes, sometimes forty, fifty, or even 
a hundred miles in length, the ditches alone costing in some 
cases from half a million to a million of dollars, and involving 
constructions which are marvels of lightness, strength, and en- 
gineering skill. The following table' gives a fair idea of tha size 
and cost of the ditches in California : 
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This water Is discharged through iron nozzles with a velocity of 
one hundred and fifty feet per second, and at the rate, in some 
instances, of 4,220,000 cubic feet in twenty-four hours, against 
a bank from 250 to 300 feet high, and washes the earth into 
wooden sluices paved with rock or wood. To make the action 
gf the water more effective, the bank is mined and fired, single 
blasts of from 1500 to 2000 kegs of powder being made. 

•■Bnrchard, " ProdncUoa ot Gold and Silver In the (JKlted SUrtet," p; )i8. 
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As everything in the bank must come down, huge erases 
with booms ninety feet long worked \yf hurdy-gurdy water- 
wheels arc set up to lift the boulders,' under-current s* to catch 
the gold, grislies' to carry oS the stones, drops' to break the 
materials up. The sluice itself has to bepaved with stone or wood * 
and furnished with branches, so that one part may be repaired 
without detriment to the other. Every part must work har- 
moniously with the other parts, and must be adapted to the 
1^ of the ground, and every possible resource in the surround- 
ings made use of for its successful working. Individual enter- 
prise could do little or nothing with such claims, but the con- 
stant and \ix%t returns show that the immense outlay is fully 
justified. 

The gold is caught in mercury put into the sluices between 
the pavement and riffles. The greatest difficulty is not so much 
to catch the gold as to get rid of the tailings or material that 
has been treated. This involves the construction of miles of 
tail-sluices and the destruction of land and of streams by depos- 
iting on and in them stones and sand to great depths, but it 
saves for the use of the country the very lai^e amounts of gold 
deposited in exceedingly small quantities in the ancient river- 
beds of California. No one who has not visited these mines can 
have any idea of the devastation produced by this washing 
away of hundreds of acres of surface and hundreds of feet in 
depth of the ground of these gold-bearing districts. It will be 
aiany years before this question of local devastation will need to 
be considered, but the filling up of the rivers and streams is 
engaging attention now. 

The cost of producing one Troy ounce of metal is given 
below : • 

L* Gnmge Co. No, BlooiBSeM Co. 

W«ter %\A^ ♦a.09 

Labor 6.Sj 3.93 

HaterUb i.Si aBS 

Explosives o.gS 

Blocks and lomber 0.50 

General expeiua 0.94 0.70 

ConiinKent expenses o.a6 .... 

Taxes 0.09 

♦11.38 •9-B8 

^ EngimtriHg, »dL 25, p. 58. ^ Engmeamg, -wtA, 94, 9.487. 

* Emgiiurriiig, vol. 3$, p. 30. 'Ibid. * Ibidi 

*Tbe valne of the metal wa« $18.53 per ounce. 
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The height of the bank washed down and the yield for sev- 
eral mines is given below:' 

Heigfat of Buk Yield per Cubic Yud 
id Feet. Id C*DU. 

Smansvilk Claims, YutwCo.....^.... Ii3 19. j 

Blue Tent, Nevada Co iSo ' 15 

North Bloomfield, Nevada Co 180 to 360 4 to 6.5 

Gold Run, Placer Co 300 4.B 

Colombia Hill, Milton Co 100 4.33 

La Gran^, Stanislaus Co IS to 100 3.J to IS.$ 

Patrieksvilte, Stanislaus Co 40 to 6a 4.33 to 18.S 

Dardanelles. Placer Co ijo 13 

The cost and yield per cubic yard of some of the mines is 
given below:' 

Cott, YleM. 

Roach Hill fo.06 to.6o 

Richardson 0.03 o.ts 

Iowa Hill a.035 0.71 

Independence 0.03 0.3S 

WisconslD 0.03 o.iaj 

The cowhide hose used at first soon became rotten and burst. 
This was succeeded by one made of heavy duck from lour to ten 
inches in diameter. This was made sometimes of one, sometimes 
of two thicknesses. Such a hose will bear a pressure of fifty feet, 
but no more. To make it stronger it was surrounded by iron 
rings two inches wide and three inches apart, which were held 
in position by four ropes distributed evenly in the diameter. 
Such a pipe was called a crinoline hose, and would support a 
head of from 150 to 200 feet of water. This was subsequently 
abandoned for the sheet-iron pipe now generally in use. The 
profits of this kind of mining do not depend so much on the 
yield of the pay dirt as they do upon the cost of the water, 
the expense of getting rid of the tails, and the facility of work- 
ing which depends on the lay of the ground. A claim welt 
situated can work a much poorer gravel with a profit than one 
less advant^eously placed. 

TREATMENT OF GOLD QUARTZ. 

As the placers grew poorer and the search for other sources 
of gold became active, the prospectors soon found gold in veins, 

> Bnrchud, ''Prodnctioa of Gold and Silver in the United Stale*," p. jil, 
Waahineton, tSSi. 

' EngitutriMe, vol. as, p. S9- 
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and these were then explored and worked. It was usu^ly 
found in a hard rock which was ascertained to be quartz, but 
when it was afterwards discovered in other rocks no attention 
was paid to the correct name of the stone. The gangue of the 
^old was always called " the quartz," no matter how hard or 
how soft the rock was, or what its chemical composition might 
be; the " quartz," if it was quartz, was said to be hard, if it was 
slate it was said to be soft. To " get " the vein rock required 
capital and a much higher degree of skill than had as yet been 
required for the working of the shallow placers. Deep quartz 
mining could not be carried on by individuals, and mining com 
panics were formed to mine the quartz and separate the gold. 
At first these were all undoubtedly legitimate enterprises, but 
it was not long before some men found or thought they found 
a more expeditious road to wealth in mining shares than in 
mining quartz — a practice which very soon brought discredit 
tm all kinds of enterprises in the State of California. 

To get the gold out of the vein-rock it had to be crushed. 
This was done in the very early days before mining companies 
were known, with a large rock bound to a pole supported on a 
<rutch so as to have a long purchase. The rock was raised by 
one man and allowed to fall on the ore, while another kept the 
pieces of ore from flying away, with a stick of wood. It was not 
Jong before this rude Mexican hand labor was replaced by the 
arastra, which was a hearth or bed of uncut stones arranged in 
■a circle from ten to twenty feet- in diameter, with a curbing two 
feet deep on the inside, over which lai^e stones were dragged 
by a single mule. It was necessary to run this machine for at 
least a week, and sometimes for two or even three times as long, 
to make it worth while to clean up. The joints between the 
stones were so open that the mercury and amalgam settled down 
between them so that the whole bed had to be dug up, the earth 
carefully collected and washed, and the hearth replaced before 
a new charge could be made. The hearth was then improved 
by making it of cut stones with very close-fitting joints laid 
in cement. To the upright part, one arm or two arms at right 
angles to the diameter of the bed were placed, and to each end 
of the arms stones weighing from four hundred to five faun- 
-dred pounds were attached by chains so that the forward end 
was about two inches above the hearth while the other end 
■dragged on it. .One mule was counted for each stone, so that 
there were one- or two-mule arastras. To make the charge for 
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an arastra ten feet in diameter, five hundred pounds of quartc 
broken by hand to the size of a pigeon's egg was put in, and 
the mules driven for four or five hours. Water is introduced tO' 
make a paste of the consistency of cream, and then quicksilver 
is added and the mule driven for two hours more. The paste 
is now thinned with water, the mule driven slowly for half afl 
hour, the mud is run off, and another chai^ introduced. Four 
charges can be made in twenty-four hours, but two are generally 
all that are made, so that half a ton per day is about the limit 
of capacity of a ten-foot arastra. The clean-ups are easily and 
frequently made, so that this machine is a much better one 
than the first, which was built for very rude work. 

It is quite easy to see from this description where the idea of 
pan amalgamation originated. It needs but a few mechanical 
appliances to be added to have the description of the pan as now 
used. The arastra is still a useful article, and as it costs next to- 
nothing to erect, it may be used as a prospecting tool. The 
principle on which it is constructed is an excellent one, the 
grinding perfect. It gives a large percentage of the assay value, 
but is too slow for use where lat^e quantities are to be treated. 

The Chilian mill was used about the same time, and consists- 
of a circular bed like the arastra, but the ore is crushed by two 
large circular wheels made either of stone or of cast-iron, which 
roll around on their edges. The methods used are the same. 
The machine is more expensive than the arastra, and does not 
do its work any better. It was not long before the eager and 
impatient miner found that the capacity of the arastra and of 
the Chilian mill was not sufficient for the profit which he wished 
to get out of his ore, and he looked to some of the crushing^ 
machines used in Europe to increase the capacity of his milU 
and at the same time his hoped-for profit. The stamp-mill 
seemed the only one Ukely to be of use, and this was adopted. 
There were then but few mines whose output would justify the 
erection of stamps, but where it would do so they were built. In 
other cases the miners were obliged to depend either on the 
stamps of some neighboring mine being sufRciently at leisure to 
do other work than their own, or to mills being erected inde~ 
pendently of the mines to do whatever work was brought to 
them. To distinguish such mills from the others they were 
called " custom mills." They work for everybody and at a fixed 
|irice, reserving the tails for themselves, which they usually take; 
care should bo rich. 
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The lumbering Gennan stamp with its Mrooden stems e^ht 
inches square, its complicated and cumbersome cam shaft, and 
Its inefficient mortar, was first built. Then some Cornishmen 
su^ested the idea of the Cornish stamp, which, with its rectan- 
gular iron stems but inefficient mortar, was quickly put up, and 
was for a short time such an improvement that it was con- 
sidered to be the ultima tkuU of crushing. This gradually 
grew into the rotating California stamp' and its adjunct the 
Blake's crusher, with its increased capacity and much better 
mechanical appliances, which is now almost exclusively used in - 
California. The stamp with its head weighs from 500 to lOOO 
pounds. Its capacity is, for very hard rock one and a half tons, 
and for very soft rock four tons, in twenty-four hours. The 
average will be about two tons. It is built in batteries of five 
stamps each, 30 that each battery may be counted for ten tons 
in twenty-four hours — a capacity which, considering the cost, is 
very limited. It is in universal use in California, where no 
other means of crushing has been able to compete with it. In 
other parts of the country it has grown into the Ball's stamp,' 
a very large and heavy rotating stamp, in which the force of 
the blow is increased by the pressure of steam to such an ex> 
tent that a single machine with one stamp-head is capable of 
crushing one hundred and ten tons of the hardest rock In 
twenty-four hours, and thus a single machine becomes equal in 
effectiveness to a sixty-.stamp mill, which is the size of some 
of the lat^est mills in the West. No investigation has yet 
been made to ascertain the comparative efficiency of the use of 
power in these two machines. The Cornish, California, and Ball 
stamp are working side by side on Lake Superior, and it is to 
be hoped that experiments to settle the question of efficiency 
will be made. There are several other crushing machines which 
have lately been introduced, but none of them have been fully 
tested, tho some of them seem to be of great promise. 

But it was not sufficient to crush the rock, the whole bulk 
of the crushed material had to pass over or through mercury in 
order to extract the gold and silver; and the quantity of this 
rock was so large that it produced losses in mercury so great 
■s seriously to diminish the profits. Amalgamated plates and 
seiae free mercury were placed in the mortar, but this, unless 



I " Sump-Mills of CalifornuL," EngiiutriHg, toI. 30, p. 19. 
* fifttaUifgiaU Revino, vol. 3, p. tts. 
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the pieces of gold were lai^e, could never catch more than 
eighty per cent of it, and when the pieces were small not 
more than seventy per cent. If the gold is associated with 
silver as in some of the Nevada mines, but very little of it is 
caught there, and the amalgam so produced is so light and 
■spongy that it is liable to be carried off ; so that where gold 
ores contain much silver, lead, or antimony, battery amalgama- 
tion is unadvisable. There are many gold-mills where it is 
never used, the some of the best - conducted ones do use it. 
There must therefore be a sluice at the end of the splash-box 
to catch the fine particles coming from the mortar. The 
sluice is thus, as an appendage to the battery, as important 
as the battery itself. It serves a very different purpose from 
the placer-sluice, where the dirt is to be transported, the clay 
broken up, and the stones carried along so as to allow the 
gold to sink where the mercury is. The battery-sluice has 
neither to deal with stones, dirt, nor clay. It has to treat much 
less material ; it is therefore much 'shallower and has a lower 
grade. When the ore contains copper and iron pyrites, these 
can by proper treatment be concentrated by it and saved. 
These battery-sluices are used with amalgamated copper plates 
with transverse riffles in which mercury is placed, and with the 
different kinds of blankets. Great attention is being given 
just now to iron riffles, not only for battery but for placer 
sluices. The experiments made give reason to hope for a great 
saving of the precious metals by their use wherever sluices are 
used. In some localities the battery-sluice is used in connection 
with such machines as the Attwood's amalgamator' and the 
Eureka Rubber,' but the tails are still rich. Some one suggested 
the use of cowhide with the hair on and the grain of the hair 
turned against the current, over which the tails were allowed to 
flow in order to catch the heavy materials, while the lighter 
ones were carried off by the stream ; and out of this grew all the 
different styles of stationary and revolving blanket-sluices. Still 
the tails showed by assay that they were rich, and it was then 
found that the gold was contained in iron pyrites. It is very 
remarkable that at this period when Mexicans with their arastras 
and slow but extremely simple processes could make $50 to $60 
a day, the best stamp-mills with the most efficient machinery, 
working on the same rock from the same vein could not recover 

■ Engintrring, vol 31, p. 347. * lUd., p. 3*4, 
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from the ore more than $15 to $20. In some instances, with the 
best modem machinery an ore yielding by assay $700 to (800 
in gold did not yield more than $20 to $30 when stamped and 
treated with the usual appliances. The slower but more per- 
fect process of the arastra had brought the pyrites into such a 
fine state of division, and had by constant abrasion of the 
stone rubbed it so bright, that the " quick" took it up, while 
the more rapid process of the stamp did not. As soon as it 
was thoroughly understood that the pyrites contained the gold, 
concentrators of different kinds, with or without buddies or 
Iceeves,' were used to catch it, as no smelting process could be 
used in the localities where the pyrites was found, and the gold 
in the pyrites could not be separated with mercury. 

The tails are therefore generally kept to be put through a 
series of concentrating machines whose object is to catch the 
pyrites and possibly some amalgam, but saves none of the gold 
which has escaped as float. It is a question of grave importance 
how this gold may be caught, or, better, how to prevent its get- 
ting into the condition in which it cannot be caught. The miners 
call the gold that escapes the mercury " float" and " rusty" gold. 
That some gold exists in the ore in such fine particles that it will 
float seems undoubted; against this there is no remedy. It is 
also true that the heavy stamp falling on the ore does make float- 
gold of some of the precious metal not in that state in the ore^ 
but this is not the principal source of loss. If a piece of pure 
gold which amalgamates readily is pounded with a hammer on 
a smooth anvil, it is very soon put into the condition in which 
mercury will not touch it.' I have had such a piece of gold in 
contact with mercury for more than a week without amalgama- 
tion. From this condition the gold can readily be recovered in 
the laboratory, but it is doubtful if it can be saved in the mill. 
Something must be done to avoid it, as there seems to be no 
doubt that some part of the gold escapes amalgamation from this 
cause. But there is gold which is really rusty, not covered with 
a coating of oxide of gold, but of something which prevents 
contact with the mercury. Absolute contact is necessary to 
amalgamation, and the thinnest film between the two will pre* 
vent it. One of these coating is oxide of iron, which does not 
occur very often and is very easily removed by abrasion, and 



' EMgitteringt Loodoa, vol. 31, p. 404. 
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anodier is said to be silica ; grease from the stamp, or wUcb 
may be in the water used, will also produce it. I have showA 
also that a small amount of sulphuretted hjrdrogen or sulpb- 
hydrate of ammonia will produce exactly the same effect, leav- 
ing an impalpable greasy 61m on the outside which prevents 
the action of the mercury. In other words, a dirty mill, water 
which is not clean and not carefully protected from drainc^^e, 
will affect the gold. No one has until now thought it necessarf 
to call attention to this subject. 

I have elsewhere shown ' that there are many other interest- 
ing facts relating to the metallurgy of gold which have escaped 
observation. How far they may affect its extraction from the 
ores is yet to be seen. It seems, however, certain that we are 
creating some of the difficulties, and that some other machine 
than the stamp will have to be used for pulverizing gold ores. 

The cost of the treatment of a gold ore, including the mining, 
Taries very much and depends on a great variety of circumstan- 
ces, such as the hardness of the rock, cost of transportation, 
price of labor, etc. It may vaty from one to ten dollars per ton. 
It is usually higher in custom mills than in those mills owned by 
the mine, where the quantity treated is very large. In such 
mills the cost of crushing, varying with the rock, will be from one 
to two dollars per ton. In the custom mill where only a small 
quantity is run it may be as high as five dollars for the same ore. 
The yield of the ore and the consequent prolitsare very variable. 
Ores yielding as low as five dollars have been treated in a laige 
way with a profit, but so much depends both on the nature of the 
ore and on local circumstances, such as the management of the 
mill, that it is quite impossible to say how poor an ore could be 
worked. Perhaps no one thing has been so great a stimulus 
toward the perfection of the gold processes of California as the 
discovery of the mercury-mines there.* The demand for a targe 
quantity of mercury so stimulated the rival companies that they 
improved their process to cheapen their production, and found 
themselves with such active competition that the price of quick- 
silver has fallen to less than one fourth of what it was, so that 
the free use of mercury is no longer feared in the poor mine^ 
and the ominous question of the loss in mercury does not loom 
so high nor figure for so large a part of the cost in the processes 
as formerly. 

• Tratu. Intt. Mim, Engt., F«k. mMiinc iSSi. 

* Mnpnttritig, yiA, 3l, p. 139. . 
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For a number of years all the metallui^ical losses of gold- 
mining were attributed to sulphurets, and processes for workii^ 
these were invented without number, most of which have died 
out long ago. The beautiful process of Flattner ' for roasting 
these sulphurets and then extracting the gold by chlorine was 
adopted and improved upon, and for a long time seemed to have 
solved the question, but little by little it was ascertained that 
there were certain substances contained in the gangue of the 
rock, such as lime and magnesia, and certain other substances 
which might be associated with the gold, such as lead and zinc, 
which would be attacked by the chlorine, and that there were 
circumstances in which after the gold was in a soluble form in 
the tanks it might be again precipitated in the insoluble material 
of the. ore, and thus be lost. Recent experiments have been 
made with nascent chlorine with this gas under pressure, and 
other modifications which give promise for the^future. It is 
apparent, however, that Plattner's process in any or all of its 
modifications does not cure all the evils, because it does not 
cover every variety of case, but is only applicable to certain 
ores in which there is nothing but the gold in the ore which 
would be attacked by the chlorine, and nothing which would 
prevent its acting on the gold,' 

. If the ore contained any silver this would be attacked, and a 
coating of insoluble chloride of silver would be formed over the 
gold ; this would prevent further attack by the gas, and not only 
would the silver be entirely lost, but any particles of gold con> 
tained in it would also be lost. A very careful dressing might 
separate some of the gangue attacked by the chlorine, but it 
could never separate the whole, and any part of it remaining 
would be a source 6f loss ; so that as a general rule it may be 
stated that when the ore contains anything but gold which the 
chlorine will attack, the process is not applicable. Besides, 
^attner's process depends upon delicate chemical reactions. 
If, for instance, any of the sulphate of iron resulting from 
the roasting is left in the ore, as soon a» the gold has been put 
into a soluble condition and is leached with water, a part of 
the gold dissolved is thrown down by the sulphate of iron. 
Certain oi^nic compounds produce the same results. Tbt 
gold thus previously rendered soluble is then precipitated in the 

' Et^mrring, London, vol. 34, p. 119. 

* cup becDmei diluted In the water. The earthy partidei in suipenrian tettle 
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filter of gravel on the bottom of the tub and is lost.' I saw such 
an accident at Grass Valley, and on examining the sand of the 
filter found it very rich in gold. It is not very wonderful, there< 
fore, that a process which demands such nice working and de- 
pends on exact chemical reactions does not succeed very well 
where there are no trained metallurgists. I have known an 
expensive plant abandoned and the process brought into great 
disrepute for one of the reasons given above, when if there had 
been a trained metallurgist in charge there is every probability 
that the defect would have been remedied and the process would 
have succeeded. 

It sometimes happens, too, that where the process is other- 
wise applicable, certain substances held in solution in the water 
of the district, if the gold already dissolved in the water is al- 
lowed to remain for a short time in the tanks, and sometimes 
by simply filtering through them, cause the gold already dis- 
solved to be precipitated on the filter and thus to be lost. In 
some cases where the works might have been successful had 
there been only one, there were so many competing for the pro- 
duct of the district that they were obliged to lie idle more than 
half the time or pay a higher price for the concentrates than 
they were worth, in order to keep at work. 

As a result of the knowledge that gold could be recovered 
from the tails, there followed a series of concentrating-machines, 
of blanket-sluices, of different kinds of amalgamators, of pans 
/or grinding and amalgamating, and of single machines for doing' 
a dozen things which require to be done each by a separate 
machine in order to be well done. 

For a number of years the idea that gold and silver could be 
concentrated by means of smelting had not occurred to the 
people in the West, The miner had divided his ores into placer 
and milling ores, and the latter into free milling and rebellious, 
by which he meant ores which would or would not readily 
amalgamate. Such rebellious ores as would not yield to mercury 
after working, or to which some leaching process was not ap- 
plicable, were treated for what could be got out of them. To 
make it possible to treat them by any other process to recover 
the gold, either copper or lead must be in such quantities that 
smelting will be remunerative. Such is usually the case to make 
the treatment for gold alone possible. It occurs in Colorado, 

' Tram. Amtr. Init. Min. Engs., Feb. 1881. 
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where a complicated European process' has been introduced 
with such modifications as were made necessary by local circum- 
stances to treat ores of copper or lead containing gold, to which 
all the rebellious ores of the district can be profitably added; 
but the lead is always lost, while the copper is saved as a by- 
product. The gold thus concentrated in Colorado in a copper 
product is afterwards separated with little loss. If the gold is 
concentrated in a lead product, silver must be present, when the 
gold follows the silver and is afterwards separated from it. 

Such methods of smelting are not common. Gold is not 
usually found in the Ujiited States in paying quantities in cop- 
per or lead ores, nor have those ores as a general rule 
been found in any very large quantities in the districts where 
rebellious gold ores occur, nor if they did, could the separa- 
tion be undertaken except by men of great skill both in metal- 
lurgy and in financiering, as the failure of enterprises of this 
kind based on either the one or the other, but without both, 
has shown. 

That gold associated with copper, lead, silver, and zinc 
could be separated by smelting when either lead or copper ore 
could be had in sufficient quantity, was learned after a long 
trial, but not until hundreds of thousands of t^ns of rich 
tailings from amalgamating processes, containing over four 
pounds of mercury to the ton in addition to lat^e quantities 
of gold and silver, had been allowed to run to waste in the 
streams which flow down the cafions of the mining districts. 

We cannot say that we have reached the utmost limit of 
metallui^cal prt^ess in the economical separation of the pre- 
cious metals, for it has been ascertained that in the hydraulic 
mines, from which by far the larger part of the gold of Cali- 
fornia is produced, notwithstanding the great cost of their plant, 
not more than thirty-three per cent of the total amount of gold 
contained is saved. 

The observer who takes the pains to calculate the millionsof 
dollars contained in the tails which have been allowed to flow 
away looks aghast at these statistics, but the miner when be 
comes to consider them makes the very intelligent reply that 
while be gets out only thirty-three per cent he makes a profit 
for himself and his stockholders, but when he endeavors to save 
any portion of the other two thirds he makes either less profit 

■ TroHs, Awur. Jtui. Miit. Eng*., vol. 4, pp. 185, 395. 
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or none at all, according to the amount of Increase which he at- 
tempts to make. It is a matter of great regret to him that he 
cannot save the sixty-six per cent, but his regret is not that tt 
13 wealth lost which would be added to the wealth of the State, 
but that he cannot have it at the bottom of his own pocket ; so 
he abandons it philosophically to the future miner with tbe ex- 
pectation that nature will some time concentrate these tailings, 
or that some process will be invented by which the vast value 
contained in the tailings that are now lying piled up in many of 
the canons of the West can be utilized. In the mean time the 
filling up of the river-beds' and the covering of some of the 
agricultural lands have become a serious political question, and 
it may be that in the near future California, which would proba< 
bly not have been settled but by a mining population, will have 
to decide whether it will allow the agriculturist, who does not 
add neariyso much to the wealth of the State, to drive the 
miner out of the deep placer districts where he settled long 
before the farmer came there, since the granger element threaten 
proscription in the shape of legislation which compels the miner 
to retain his tailings in the side caflons and not to allow them 
to escape into the nvers or over the arable lands. This ques- 
tion has recently come into the courts of California by an injunc- 
tion restraining the Miocene Mining Company of Butte Co. In 
that State, who own 1500 acres on Feather River of placers 
thirty feet deep, from discharging their tails into this river. 
The magnitude of the interests involved is shown by the follov- 
ing figures taken from the San Francisco Alta of June, iSSt : 

Miles of ditcho and canals in tbe conoties affected. . 6,000 

Number of men employed, from SiOoo to 10,000 

" " Chinamen JOO 

Capital Invested in the mines tiSO,ooo,000 

yearly prodnct 413,000,000 to $15,000,000 

Hining population affected by the suit IJO.OOe 

Agricultural " " " " " 60,000 



' The TuoluDiae Rirer in California was formerly five hundred feet wide and 
foniteeo feet deep in the bed of the river, and bad a fall of elgfhteen feet to the 
mile. In twenty-one months it was filled so that the water hardly ran over tbe 
river-bed. In 1875-6 t^e freshets washed tbe river dear, bnt since them it has 
been again filled, and is now only thirty-one feet wide and one foot deep. The 
Feather River fills up tbirty feet in a single Bood from these deposits, but scoon 
ItseU free again, while the Yuba River at Marysville has filled permanently thirty 
feet, and fifteen miles above, one hundred and fifteen feet in thirty years. — Et^m- 
tiring, London, vol. 15, p. so. 



^dovGoot^lc 



THE METALLURGY OF GOLD AND SILVER. lot 

It is estimated that should this injunction prevail the amount 
of foiming land now under cultivation which will be rendered 
'valueless by the removal of the mining population will be equal 
in money value to the total amount of the value of the mining 
property involved. Should this injunction be made permanent. 
die State will probably learn too late that a valuable industry 
bas been destroyed by people who found the mines workup 
when they settled on the lands they occupy, and must have 
known beforehand what was in store for them in the near future. 
The industry so destroyed it will be difficult to re-establish, and 
it is very doubtful whether the State will be a gainer by it. 

TREATMENT OF SILVER ORES. 

As gold grew scarcer silver ores were looked for and became 
an object of great interest. At first only the rich outcrops of 
the free-milling lodes were worked, and the ores from them were 
treated by the old Patio processes which were found in Mexico, 
in which arastras and Chilian mills were used. Occasionally 
the Caso method was adopted by some person who had seen it 
at work or had heard of its working in Chili. The Caso method, 
working quicker than the Patio, was adopted in some places ; 
the bottom of the box was replaced by iron, and then the sides, 
and then the idea of grinding suggested itself, until the amalga- 
mation pan in all its varieties grew up little by little. It was at 
first thought that the pan could be used equally well for both 
grinding and amalgamating, and some persons still use it for both 
purposes. But it has been pretty well settled of late years that 
the machine can do only one kind of work well, and that any 
other kind of work forced from it is done at the expense of the 
yield. 

The Freibei^ barrel did not meet with much favor in the 
West. Most of the emigrants of 184S were of Anglo-Saxon ori> 
gin, and when the German came with his slow but certain meth- 
ods, a few mills adopted the barrel. But in the early days quick 
returns were demanded. The pan was an American invention. 
It moreover had grown on " the coast," ' and every one knew or 
thought he knew how to use it. Every machine-shop was ready 
to make it, and was more or less interested in one of the many 
patents taken out for a new one. It gave a return in from three 

I All the sierra Nertula district la called " the coait " to the Wen, 
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to five hours, while the barrel worked twenty-four before the 
amalgam was extracted. The pan required nothing but the ore, 
mercury, " the chemicals," and water. These bad to be used in 
the barrels, and in addition some iron. Balls were used at first 
as in Europe, then pieces cut from stamp stems, and then mule 
and horse shoes, and finally anything made of iron whether 
adapted by its shape to the purpose or not. The result was im- 
perfect, partly from the want of material adapted to the pur- 
pose, and partly because it was not always possible to get the 
material wanted in a given time. The consequence was that 
most of the mills that put up barrels found no one to run them, 
or were obliged to keep one set of men to run and another to 
repair them. Yankee wit did improve them so as to make 
each barrel independent by using friction clutches, and by doing 
away with the co^ng by the substitution of friction gear ; but 
a change in the administration usually threw the barrels out and 
put in the pans, so that the barrel, while everywhere condemned 
in favor of the pan, has really not been fairly tested. It is 
cheaper to erect and cheaper to run, but slower in action, and 
with friction gear ought to compete with the pan, 
( To bt emtinuid.) 
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CHARACTER OF THE ORE-BODIES. — {Continued.) 

Lake Superior Mine. — The stratagraphical structure of the 
mine is exceedingly complicated, the main deposit apparently 
being a synclinal basin, the limiting sides of which form the 
foot-walls of the north and south veins, the former having a 
dip of about 70° to the south, the latter sloping at a like angle 
to the north. Between these walls the formation is bent and 
corrugated into numerous minor folds, all of which have 3n ap- 
proximate east and west trend. The strike of the ore-deposit 
is a little north of west, with a pitch to the west. A geologi- 
cal cross-section taken west of the No, 2 shaft — the main open- 
ing into the mine — would seem to indicate that the various 
folds of which the deposit is constituted assume in general the 
form of a W, the northern arm of which makes still another 
fold, upon dipping to the north, and forming the ore-basin 
which underlies the new Barnum workings, situated on the 
north half of the northwest quarter of section ten. The facts 
of the case most certainly lead to the conclusion that the north 
and south veins, measuring six hundred feet apart along the 
section-line, will ultimately form a junction beneath the inter- 
vening mass, and in that case cut the ore entirely out at that 
point. Indeed, the present workings on the 320-feet level, 
the lowest level in the mine, already evidence the truth of 
this theory, in that, at that depth, they are separated by only 
a few feet of rock. 

In addition to these two veins — the one lying next to the 
north wall, the other adjacent to the south foot-wall — there are 
other minor folds forming a series of undulations, and finally- 
dipping to the north and underlying the swamp immediately 
to the north of the city of Ishpeming. The general form of the 
ore masses is lenticular, having a maximum width at the centre 

' Being extracts from the memoin retiuired of esch student of the Snnuner 
School 
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and gradually tapering down, and Bnally terminating at the cast 
and west ends in the form of a wedge, the extreme edges of 
which are unprofitable to work. The regular succession of 
these lens-shaped deposits form, as a whole, a regular vein, 
having a strike a little north of west and pitching to the north- 
west. The three middle veins of the formation are character- 
ized by the presence of these " pods," which most frequently 
overlap one another, though following no apparent law as to 
which side the overlapping occurs. 

In mining a vein of this description, the stope is advanced so 
long as it continues to yield a profitable grade of ore. A test- 
hole is then bored in one or both of the side-walls of the vein, . 
to locate the position of the succeeding lens. If the character- 
istic black color of the sludge from the drill-hole determines 
the presence of the ore-body, a drift is driven through the 
intervening rock, and the next lens mined as before, leaving a 
pillar at the^ point of drifting. 

The north and south lodes appear to be more vein-like in 
character, the south vein being especially free from any well- 
defined lentiform masses. 

The rock- formation consists of beds of quartzyte and dio- 
ryte underlying the north and south veins respectively, each 
bed being separated from the ore proper by an intervening 
layer of magnesia n schist, varying from a few inches to several 
feet in thickness. This schist, though resembling in compo- 
sition that of other portions of the Marquette region, has cer- 
tain distinctive characteristics which serve to distinguish it en 
masse from that of other localities. It is soft, compact, crys- 
talline, and made up chiefly of feldspar of a light green or 
greenish black color, and of chlorite scales, together with more 
or less magnetite in small crystals. Its cleavage is marked, 
its planes inclining at a large angle, having the general cast 
and west trend of the formation. The intermediate layers, 
lying between the upturned edges of the basin, consist of al- 
ternate beds of specular ore and schistose rock — the former, as 
frequently the latter, being arranged in lenticular-shaped 
masses having a maximum thickness at the centre of many 
feet. 

The ore itself belongs to that class known as specular hema- 
tite, or red specular ore, consisting essentially of iron oxide 
with a few per cent, of silica and minute quantities of phos- 
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phorus. The yield of metallic iron averages about 64 per cent, , 
the amount of silica being between 3.5 per cent, and 4 per 
cent. ; phosphorus about ,04 per cent. 

The mine produces two varieties of specular ore. The one 
readily sphts into slabs, shows a bright surface when freshly 
fractured, and is known as specular slate-ore. The other va- 
riety, a granular specular, is massive, compact, exceedingly 
hard, and shows no tendency to split into slabs. A certain 
variety of this latter ore constitutes what is known as " fine- 
grained steely ore," a vein of which occurs in No. 2 Shaft at 
the two hundred and forty feet level. It is of the hardest 
and most compact nature, contains little silicon, yields a high 
per cent of metallic iron, but is also high in phosphorus, and 
therefore undesirable for conversion into Bessemer pig. 

The above refers only to first-class ore, which amounts to 
about eighty-four per cent, of the entire ore taken from the 
mine, the remaining sixteen per cent, consisting of a mixture of 
the above with a reddish ferruginous quartz, the whole consti- 
tuting the second-class ores. This quartz-constituent, which 
proves itself so deleterious an ingredient in very nearly all the 
formations of this region, is jasper, and it occurs associated 
with the ores in alternating laminae of varying thickness, 
usually showing conformable stratification, but occasionally 
bending and breaking up into the most contorted shapes, and 
obliterating all evidences of its true bedding-planes. By a 
thinning out of the jasper layers the mixed variety merges 
into a first-class ore. More than twenty per cent, of quartz 
in any ore condemns it as worthless for metallurgical purposes, 
though such a mixture has always played an important part in 
the discovery of many of the present Lake Superior mines ; 
for while the pure ores yield readily to erosive action, and, be- 
coming covered with soil, give no visual indication of their 
presence, those containing intermingled jasper-bands are not 
easily affected by weathering, and, as a result of this increased 
hardness, offer by their outcrops tangible proof of the exist- 
ence of ore in the vicinity. 

W. A. Shumway. 

D. B. ToucEV. 

The New York Mine. — The forty-acre tract on which the 
New York Mine is located is crossed apparently by three 
veins of ore, all having a nearly east and west direction at the 
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surface, and dipping from 30°-4S'' to the south. Careful geo- 
logical surveys seem to indicate that the two more southerly 
veins are in reality one, that they were formerly connected by 
a sharp anticlinal curve, and that erosion of the upper portion 
has left two apparently distinct parallel veins separated by a 
bar of rock fifty feet thick. 

The upper or southerly half of the fold has at the surface 
a westerly direction, which changes a little to the north in 
Fits 1 and 3, and regains its westerly direction in Pit i. 

The northern half of the fold has at first a more northerly 
direction than the other, but turns near the east end and be- 
comes nearly parallel to the first. The third vein does not 
appear to be connected with the others, and was probably an 
earlier deposit. It has a dip of nearly 60° where now worked, 
and is thought to be leading to extensive deposits. 

Too little exploring has been done to form any complete 
idea of the geological structure. The ore is a very rich hema- 
tite, always hard, but with degrees of hardness. In Pit i a 
machine will at times not make more than five or six inches in 
ten hours, and spots have been struck so hard that the mine 
blacksmith could not temper steel to cut through them. The 
ore from the third vein is exceedingly pure, worth two dol- 
lars per ton more than any other. 

The hanging is in nearly all cases quartzite, but in Pit 3 the 
quartzite pinched out and was replaced by soapstone. The 
quartzite hanging is very Stable and needs no layer of ore left 
to support it, and but few pillars. 

Pyrite is found in isolated spots, and also a black, micaceous 
mineral, which is probably only hematite ; quartz and jasper are 
also mixed with the ore in small amount. 

A. J. Moses. 

W. F. Staunton, Jr. 

The Cleveland Mine. — The deposit which is at present 
most worked and apparently the largest is the Incline. The 
foot-wall of the deposit dips at first to the northwest, but in 
the southern part of the pit changes to about an equal dip in 
the opposite direction. The hanging wall is mostly chlorite 
and the foot-wall jasper, but this is sometimes reversed, and 
sometimes both hanging and foot-walls are banded jasper. 

The thickness of the deposit varies from forty to sixty feet, 
the average being nearer forty. 
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The ore is all hard specular hematite, but varies very much 
in different parts of the pit. 

In many parts of this and Sellwood's Pit the slips are filled 
with soft, white material, feeling like talc — probably kaolin. 

The chlorite is quite soft, but tough, and when not too 
flaky, as it usually is, makes a safe hanging wall. 

The probable extent of the deposit may be judged when 
the fact is considered that apparently the same deposit of ore. 
still having the same thickness, is struck by a vertical diamond 
drill-hole at a depth of 326 feet It also becomes almost a 
■ settled fact when we remember that the deposit called " Sell- 
wood's Pit " dips toward the southwest, that both these de- 
posits are united at some point between them and west of 
each. 

In Sellwood's Pit, the second in importance, the dip is to- 
ward the southwest in a general way, but the foot-wall, where it 
is visible, is quite irregular. This deposit is the same as that of 
the New York Mine ; it is supposed to form the northern edge 
of the great Ishpeming ore-basin. The hanging wall is gen- 
erally chlorite and the foot-wall jasper. 

In the Sawmill Pit, the deposit extends southwest and 
northeast The hanging- wall appears to dip to the south- 
west, while the foot-wall, though dipping in the same direction, 
is more nearly horizontal, and it seems likely that the deposit 
may be cut off toward the southwest, by the meeting of the 
foot- and hanging-walls. Swineford regards the deposit as 
connected with that of the Incline, but the miners consider it 
simply a large pocket 

W. S. Page. 
W. S. White. 

The Jacksott Mine. — The hard (specular) ore generally oc- 
curs between jasper and jasper, or jasper and soapstone. 

The surrounding rock is, in general, a mixed ore, called 
" jasper," consisting of laminae of a red jasper, alternating with 
ore in variable ratio — in many cases containing so much good 
ore as to make it quite valuable in any less favored district ; 
and even here, in some mines, the best qualities are picked 
and sold as second-class ore. 

The folds in the country rock are so great and complicated 
in the vicinity that a study of the stratification is made quite 
difiicult. At the ore-masses the strata are so nearly vertical 
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that it is in places difficult or impossible to tell at sight which is 
hanging and which is foot wall. In such case, there is little 
danger of falling in or caving of walls, and but little support- 
ing timber is needed. The jasper, which is so abundant in 
this mine, is a strong, tough rock, which fact is another excuse 
for using little timber. 

The greenstones, quartzites, traps, etc., seem to be absent 
or in very small quantities and with little significance, ant) even 
the soap-rock and jasper seem to show but little system in their 
occurrence, as they are about equally divided between the 
foot and hanging walls. 

A careful study, however, of the maps, and of the ore 
masses in their mutual relations, shews that this irregularity is 
more apparent than real, and that in all probability it is due to 
the veVy great folding of quite regular strata ; and that origi- 
nally these ore masses were deposited on the jasper by some 
action of water, and over and between them layers of " soap 
rock "were deposited. This soap rock is the equivalent ol 
the chlorite of many of the mines of the western part of the 
country, and is in most places quite thin ; but in a few cases, 
as in the great horse in Pit No. 5 and north of the main shaft 
at the tunnel level, it occurs in large masses. This peculiarity 
of a continuous coat of sedimentary rock over the bodies of ore, 
and the occurrence of masses of the same cutting out the ore 
in some places, reminds one of the shale of the coal measures, 
and the " horses " of the same, reaching into the coal just be- 
low ; and it is probable that the two are formed in the same 
way, the horses being simply the sedimentary casts of water- 
worn cavities and furrows in or between the ore-beds. 

Other rocks occur in small quantities only, " Magnesia," 
probably a very light talc, is common, in pieces of small size, 
in the mixed ore and rock at the extreme end of a lens, and it 
is consequently a bad sign. 

There are one or two veins of quartzite found in the ex 
ploring works, but they seem to have no import, as they are 
in all cases far from ore, and are of small size. 

In some parts of the mine there are masses of " rotten 
jasper," so-called ; in reality, a friable ore with considerable 
impurity, and resembling a stage between specular ore and 
hematite. This is generally too impure for use. In some few 
places a similar decomposition seems to have taken place n 
the pure ore, and the resulting hematite, although not so de- 
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sirable as the specular, is mined in small quantities. This 
hematite occurs only in small amounts. 

" Greenstone " occurs in one or two places only, and then 
in small quantity. 

" The ore " is a hard, fine-grained specular, not nearly so 
micaceous as that of the " Republic Mine," and much less brit- 
tle. It is similar in general character to the usual hard ores of 
the Negaunee District, but in some places is so rich in man- 
ganese as to be specially valuable. Some specimens run as 
high as forty per cent, and a whole series of cars have been 
loaded with ore running from ten to twenty per cent, manganese. 
This specular ore, as is well known, is really a true hematite, 
and it is very red when powdered ; for this reason the whole 
mine, and all the roads, men, tools, etc., are brilliant exam- 
ples of hematite " streak." 

The majority of the lenses of ore lie in nearly parallel po- 
sitions, and are arranged in a line, end to end, with masses of 
rock between and in them. In the latter case the masses are 
called "horses," and they are very curious, often being of 
great size and still entirely enclosed by ore, which also cuts 
them out at the bottom. For this reason they are very trou- 
blesome, and their great size necessitates large pillars of ore 
and heavy timbering to keep them in place. 

In most cases these " horses " are of jasper, and they are 
generally placed very close to the " foot-wall " — even, in some 
cases, so near that the "stringer" of good ore which sepa- 
arates them from the foot-wall, although always present, is of 
unworkable thinness. 

The strata right at the mines seem to be without faults of 
notable size ; but their folds are so very great and complex, 
that they are as bad as faults, or worse, and give the mine a 
very irregular appearance. 

The " lenses " vary greatly in size, from those several hun- 
dred feet in length and fully one hundred feet wide, as seen in 
some of the old workings, to simple " chimneys " of considerable 
height, but of small horizontal cross-section. Also, on the sur- 
face, there are, or rather were, masses of ore which, when worked, 
ran out very soon, and seem undoubtedly to be the lower parts 
of lenses, in some cases probably very large, of which the upper 
parts have been removed by glacial and other erosion. 

F. B. Crocker. 
J. B. Porter. 
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EARLY METHODS OF MINING. 



Up to 1870 the system of mining employed was that of open 
excavation, a system which, considering the undeveloped con- 
dition of the country at that time, and the too ambitious haste 
of American capital for interest on investments, is entirely de- 
fensible. The method of sinking shafts, running drifts and 
cross-cuts, driving levels, etc., which the canons of a more per- 
fected system of mining demand, involving, as it does, a larger 
preliminary outlay, had but little support, and no doubt, the 
conditions remaining the same, the same principles of mining 
would have been in operation for long afterward. 

The constantly increasing depth of the mines, the increased 
cost of handling the product, the large amount of waste, the 
introduction of powerful and elaborate machinery, the requi- 
site enlargement of the plant, absorbing a large portion of 
the company's funds, have, however, made the employment of 
the most advanced mining engineering skill an absolute neces- 
sity. At the present time, when a scientific study of the 
nature and method of the deposits is being pursued, the im- 
portance of underground plans is thoroughly understood, while 
to systematic working and efficient management they are of 
vital consequence. 

The earlier workings on the Lake Superior, and indeed on 
most of the Marquette mines, differed but httle from ordinary 
rock excavations. The most effectual method, and the one 
generally employed, was the so-called " sand-blast." Holes of 
10 or IS feet burden were drilled and preliminary charges fired, 
shaking the ground and producing cracks and cavities at the 
bottom of the hole. The cavities becoming enlarged by the 
repeated blasts, a final charge, consisting of one hundred or 
more pounds of powder, was introduced, and the crevices filled 
with sand. The entire charge was fired at once, the material, 
amounting to many hundred tons, being thrown over into the 
open space previously excavated. 

PRESENT METHODS OF MINING. 

At the Michigamme Mine, after the open pits bad been 
worked out, the following system of mining was introduced : 

Twenty-five feet below the adit level a drift was driven, 2,O0O 
feet long, the length of the proposed workings, and through the 
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arch thus left shafts were sunk at intervals to a depth of loo feet 
below the adit level. Below this the levels are uniformly 50 
feet apart, and the arch left 15 feet thick. The shafts are all 8 
feet long by 14 feet, and are sunk in the ore next the hanging- 
wall. On each side of the shafts, and 15 feet distant, winzes 8 
feet by 8 feet are sunk, thus leaving iS-feet walls as a protec- 
tion for the shaft and support for the roof. The winzes con- 
nect with the shaft at the levels by drifts 8 feet by 8 feet in 
cross section. The ground is broken by underhand stoping, 
which is considered the most economical way, and dropped 
through the winze to the level below, whence it is trammed 
to the shaft and hoisted to the surface. The ore is thus mined 
out laterally, as shown in the dotted lines on the right-hand 
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side of the figure, to a distance of fifty feet from the shaft, 
when, by drifting and sinking a special winze, a pillar of ore 
is left to support the hanging-wall, and the stoping continued 
below and beyond the pillar, as shown. The sizes of pillars 
left and the distance between them are slightly varied, accord- 
ing to the character of the ground. They are generally so 
arranged as to break joints from level to level, and stults are 
frequently placed between them for additional security. 
Where the hanging-wall is bad pillars are more frequent, and 
do not break joint ; in one case they are continuous from the 
4th to the 7th level. 

In this mine it is the custom to do all the dead work, i.e., 
drifting, sinking, opening up, etc., in the winter, thus saving 
expense of storing, rehandling^ etc. 

At the Champion Mine, also, the underhand method of 
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Rtoping, or a modifJcation of it, is employed. The lenses of 
ore are from 20 feet to 40 feet wide, have a very steep inclina- 
tion or dip, and great care has to be exercised to leave suffi- 
cient ground unexcavated as supports for the shafts and levels. 
Walls of ore are therefore left on each side of the shafts from 
level to level. The first thing in the removal of the ore is to 
sink a winze, at a distance of 1 5 feet to 20 feet from the shaft, 
down to the level below. If a floor-arch must be left for the 
support of the track, a drift is run from the winze, 15 feet or 
16 feet below the level, and is called the " stope drifl," as 
shown on the left-hand side of the figure on page 1 1 1 . It is 
always kept sufficiently in advance of the stope to afford room 
for setting up a machine drill. Holes are now drilled 10 feet 
to ]2 feet deep, and blasted with nitro -glycerine ; the ore 
being thrown down the winze, broken up by sledging, and 
trammed to the nearest skip shaft. Nitro-glycerine is used 
only for stoping, in this mine, and it is found to be most eco- 
nomical to bore a single deep hole and put in a heavy charge, 
several hundred tons of ore being frequently thrown down at 
one explosion. 

It is customary to pay the miners and trammers 80 cents 
and 50 cents respectively per skip of ore hoisted. 

At the Republic Mine, on account of the great size of some 
of the ore bodies, in one case 160 feet by 430 feet at the 
lower level, the mines cannot always be worked by the ordi- 
nary method of underhand stoping. A system of chamber- 
working was therefore adopted for these large ore-bodies, in 
which the stopes run across the deposit from foot to hanging- 
wall. To make the shaft secure, an enormous block of ore 
has been left, as shown in the sketch. Levels are driven out 
from the shaft through the shaft pillar; at the same time, 
winzes have been sunk in the chambers on either side. When 
the shaft and winzes are finished and connected by drifts at 
the new level, underhand stoping is commenced, the ore being 
blasted out, commencing at the top of the winze. A large 
chamber is thus gradually formed of a length equal to the 
breadth of the vein, about 30 feet wide', and from 50 feet to 
150 feet high, according to the character of the ore. 

In connection with this method of chamber-working may 
be noted the system of filling rooms with waste rock, as em- 
ployed in the Lake Superior Hematite Mine. 

The dangerous character of the ground in which the ore is 
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situated, necessitates some system of roof-support different 
from that generally followed, Timbering would not do, there 
being no foundation for timbers to rest upon, so the idea was 
conceived of mining the ore in chambers running from foot to 
hanging-wall, leaving an arch of about 30 feet thick on top, and 
having the rooms average 45 feet in length, along line of vein, 
pillars of the same dimensions as rooms being left between. 

The dimensions of the rooms vary on different levels 
according to the judgment of the mine-captain, but care is 
always taken that the pillars of one level shall rest on those of 
the level below. Pillars are cut by breast-stoping on both 

■A. 
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sides of the tramway to the height of 30 feet, when overhand 
stoping is begun, the miners being protected meanwhile by a 
system oF timbering called spiling or fore-poling. 

To describe the method of filling, let us, leaving the pillar 
around the shaft, commence mining in room i, west level I. 
Commencing at the sides of the drift, we breast-stope to the 
foot-wall on one side and to the hanging-wall on the other, going 
along the drift a distance equal to the length which we desire 
the room to have. Breast- and ove'rhand-stoping goes on until 
the arch of the room has been formed, the underside of the 
arch being like a segment of a sphere, in which the highest 
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part is 30 feet above the floor. The drift is now limbered in 
with " sets," consisting of legs and cap-pieces set about 4 
feet apart and covered over on top and sides with heavy 
(variable) 12-inch cedar lagging, a mill 5x5 feet being built 
alongside. 

The miners now spread all waste rock mined over the floor 
of the room until it is high enough to give them a support 
while working, sending the good rock down the mills ; and 
should there not be enough poor rock in the room, some is 
carried in from other parts of the mine and dumped where de- 
sired. The overhand stoping is carried on until the rooms 
average ^o feet in height, the filling having till then been done 
by miners in the room ; and to complete the filling a winze is 
cut from the level above and rock sent in through a mill from 
the surface until the room is entirely filled. There are two 
such surface mills. 

When the New York Mine was first opened, it was worked 
as an open cut ; but as the dip of the deposit was consider- 
able, the underground method soon became necessary, and 
the system was adopted of cutting out chambers along the face 
of the deposit, leaving pillars of ore at intervals to support the 
hanging wall. These pillars were weakened by the fall of simi- 
lar workings in the Cleveland Mine adjoining, and giving way, 
caused an extensive cave-in. The mine is now worked in pits, 
the plan followed being to sink a shaft in the vein and as soon 
as possible beyond the entrance, to drift to the right and left 
and slope down. The width of the pit is generally decided by 
some breast of rock crossing the vein, or by the character of 
the ore. The work is very little more than quarrying ; a few 
pillars are left at irregular intervals, but generally the roof is 
sufficiently strong to support itself — the miners simply exca- 
vating a pit and sending the ore to the surface. 

The system of ore-extraction employed at the Lake Supe- 
rior Mine is that of sinking shafts on the deposit, and at dis- 
tances of forty or sixty feet, opening levels in the vein, along 
which the ore is mined out by a series of underhand stopes, 
the dimensions of which are dependent entirely upon the char- 
acter of the ore and the nature of the deposit In the arrange- 
ment of the stopes, etc. , the method is similar to that described 
as used in the Champion and Michigamme mines. Access is fur- 
ther obtained to the different parts of the mine by subordinate 
shafts, sunk from one level to the other for the purposes of ven- 
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tilation, and laying open sections of the vein to the best advan- 
tage for stoping them away. The material taken from the 
slopes is broken, sorted, loaded into cars, and trammed to the 
shaft, at the mouth of which it is delivered by skips operated 
by tile engine and drums in the engine-house. 

SHAFT -SINKING. 

The position of the shaft is in any case determined by the 
following considerations; 

First. — The situation and underlie of the deposit 

Second. — The nature and distribution of the ore-bodies, the 
amount of barren gangue, etc. 

Third.' — The character of the wall-rock, the ground most 
favorable for sinking, providing it does not interfere with other 
and more important considerations, naturally being selected as 
involving less expense. 

Fourth. — The point giving the strongest indication of pro- 
ductive working. 

Fifth. — The value of the upper portion of the deposit, the 
sinking of a shaft through the ore necessitating the leaving of 
a pillar of ore on each side to prevent it from falling in. 

In sinking a shaft to a lower level, it is customary, from 
economic considerations, to continue it some twelve or fourteen 
feet beyond the level to be opened. This method at the same 
time allowsof ready access to further sinking, and does not in 
the least interfere with the raising or lowering of the skip in 
case it is desired to open a still lower level. 

Two new vertical shafts have recently been sunk to reach a 
deep deposit of ore on the Barnum Mine property. Shaft A 
has a cross-section of i6x 12 feet, and has now (July 17, 1881) 
been sunk 395 feet, principally through quartzite. 

The sinking was at first by hand-drilling, but since March 
1st, 1881, machine drills have been used. The following table 
gives a comparison of the two methods : 

Average number of holes drilled per day by hand 11 .2 

" " " " " " machine.. 14.5 

" depth drilled per day by hand 31.3 

" " " " " machine 47.7 

The sides of the shaft were squared up after each blast, and 
every 16 feet the bottom was cleared out and a new set of tim- 
bers put in position. In timbering, wall-plates were first set 
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in place, their ends resting in notches, i to I foot deep, cut in 
the wall, and being held in place by wooden wedges. Upon 
these wall-plates the entire i6 feet section of close-set t2-inch 
square pine timber rests, and in the 3 ^r 4 ^cet of clear space 
below the sinking is continued. 

While sinking through the sand of the first 40 feet, two- 
inch planks were driven in back of the heavy timber to keep 
out the sand and water. 

The shaft is divided by 12-inch square timbers into two 
parts, the " down cast " and the " up cast," the former for hoist- 
ing and lowering ; the latter contains the ladder-way, pumps, 
and steam-* and air-pipes. Every 16 feet three I2xi2-incll 
timbers are placed across the up cast, serving at first as plat- 
forms for the sinker pump, while later the alternate ones .serve 
as ladder platforms. The ladders are 33 feet long, made of 
green hickory, and fastened to the division timbers by 6-inch 
staples. 

At a depth of 44 feet water came into the shaft at a rate of 
250 gallons per minute. After sinking 25 feet in the quartzite 
ledge, below the sand, a clay seam 6 inches thick was encoun- 
tered, which led in the water from the surrounding land in 
enormous quantities. 

A drift was now driven on one side of the shaft, and 
a catch-basin, 21 x 14 feet, and holding 9,000 gallons, cut in 
the rock to receive the inflowing water. The water was 
directed into this basin by a gutter around the inside of the 
shaft, made simply by fastening bevelled planking to the inside 
timbering. The spaces between the rock and gutter were filled 
with impermeable puddled clay. 

A No. 10 Knowles pump is stationed at this point of the 
shaft to force the water from the catch-basin to an adit which 
meets the shaft 30 feet below its mouth, and through this adit 
it is carried out by a launder at an incline of about i to 100. 

It was then found that a No. 5 Knowles pump, by follow- 
ing the sinkers down, could keep the shaft free from water 
during the sinking. This pump was shifted 16 feet at a time, 
as the sinking progressed. At 130 feet below the first catch- 
basin it was found necessary to cut another, holding 600 gal- 
lons, and to set up another No. 5 Knowles pump, as this dis- 
tance proved to be the limit of the forcing power of the pump. 

The description of the sinking of Shaft B, of the Barnum 
Mine, through quicksand, will be given in another place. 
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The shaft of the Lake Superior Hematite Mine, having a 
cross section of 8x12 feet, was sunk in lengths of 5 feet or 
so at a time, and timbered as follows: Two I2x 12-inch 
pine timbers were placed against the 12-foot sides, the ends 
being cut so that two shorter pieces of same cross section 
could be fitted on, making what is termed a toggle-jointed 
frame. A brace made of 12 x 12-inch timber was now fastened 
across the middle of the frame, or " set," as it is called, and 
then a sheathing of planks t J^ x 1 2 inches x 5 feet were driven 
in around the set and against the natural walls of the shaft 
until the heads of the planks were only a little above the set. 
Another set was put in 4 feet below the first in the same man- 
ner, driving the sheathing over the first sheathing. Four posts, 
12 X 12 inches, were now put between the sets 4 feet apart, at 
each of the four corners, the shaft excavated further, and the 
same method continued. 



DRIFTING AT THE LAKE SUPERIOR HEMATITE MINE. 

There are two ways of proceeding, according as the face 
of the drift is composed of hard or soft material. In the 
first case, suppose the face of the drift to be divided by 
four horizontal planes, a line of blast holes, in depths ranging 
from 4 to 8 feet, is drilled in the top of the first or bottom di- 
vision, these holes slanting downward, so that when charged 
the whole wedge of the lowest division must break out to 
the depth of the holes. Doing the same for the next division, 
it also comes out, and so on until the entire face is removed to 
the depth of the holes. 

When drifting through softer material, as the ore, for ex- 
ample, the method was simpler. A line of holes was drilled in 
one side of the face, slanting toward the centre, another line of 
holes at the bottom, slanting upward, and one hole in the 
upper diagonal corner of the face, slanting downward. When 
fired simultaneously they brought down the whole face in the 
form of a wedge. 

(To be continued.) 
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RECLAMATION OF TIDE-LAND AT MARSHFIELD, 
MASS. 

By WILLIAM HILL, '83. 

The reclamation of tide-land, though practised to a limited 
extent ever since the first settlement of this country, has not 
been of great importance, owing probably to the low price at 
which the neighboring uplands could be obtained. As the 
sea-coast becomes more densely populated, and ithe demand 
for land more urgent, the reclamation of mar^h-land will be 
looked upon with more favor and interest than in the past. 
In this country the utilization of tide-lands has been limited to 
small areas, reclaimed for special agricultural or building pur- 
poses. The reclamation of these lands has been accomplished 
by dyking to prevent the influx of salt water, and ditching as 
a means of drainage. 

The marsh-land reclaimed at Marshfield, Mass., has an 
area of 1,412 acres, of which about 200 acres at the inland 
end were nearly fresh previous to dyking. The marsh is di- 
vided by a small stream passing through Jt. About 75^ acres 
are situated north of this stream, and 660 are south of it. The 
surface of the marsh was about on the level of high-water 
mark, so that during the low course of tides it was but slightly 
overflowed, while on the spring tides it was flooded to a depth 
of from one to three feet. The soil was black and spongy, too 
soft in most places to bear up a team. 

Salt hay of poor quality was its only product. 

The water-course through the marsh, and known as Green 
Harbor River, extends about three miles back into the country, 
and receives numerous small tributaries, making it in spring a 
stream of some magnitude, but in a dry time the flow of fresh 
water is very small. The lower end of the river, below the 
site of the present dyke, is known as Green Harbor. The en- 
trance to this harbor was obstructed by a sand-bar, having at 
low-tide about two feet of water upon it. The mean rise of tide 
is about nine feet, giving, at high water, a depth sufficient for 
large craft to cross the bar, and once inside there was ample 
water at all stages of tide for small boats to anchor in safety. 
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In 1871 the principal owners of the marsh land obtained 
from the Legislature an act granting them the right to con- 
struct a dyke across Green Harbor River " at or near and not 
above Turkey Point." 

The act also provided that should shoaling take place in 
the harbor, above mean low-water, it should be removed by 
the owners of the marsh, or in case of their failure to do so in 
six months after notice from the Harbor Commissioners, it 
might be removed by them at the expense of the marsh own- 
ers. The money necessary to build the dyke was to be raised 
by assessment upon the marsh-Iaijd. Though some owners 
opposed the reclamation, it was decided to build the dyke 
between Turkey Point and the north side, at a distance of 
3,300 feet from the mouth of the harbor. 

The dyke was to be six and a half feet high above the 
marsh, and extend from Turkey Point on the south side of 
the river, 1,800 feet in a course north six degrees east, to the 
north side. 

In its course the dyke crossed three channels, viz., one 
between a small island and the south shore, the main channel, 
and a small water-way between a larger island and the north 
shore. First, two sluice-ways, for the discharge of fresh water 
from the marsh, were built between the small island and the 
south shore. Three rows of 4-inch sheet-piling were driven 
across the channel, one row under each end of the sills of the 
sluice-ways, and one row midway between. Except where the 
sluice-ways passed through them, these sheet-piles extended 
to high-water mark. The sluices were side by side, 4x4 
feet cross section inside. The bottoms were at extreme low- 
water mark, or about 17 feet below the top of the dyke. The 
sluices were framed of 8-inch timber and planked longitudinally 
on the top and bottom. 

Each sluice-way is provided with gates, which swing auto- 
matically about a vertical axis, the hinges being of gun-metal. 

These gates open toward the sea, and remain open while 
the level of the water outside is below that of the water in the 
marsh, but when the tide rises so that the current would be 
inward, it closes the gates, hence fresh water can flow out from 
the marsh at every low tide, but salt water can not flow in, the 
gates preventing an inward current. 

Across the marsh a ditch was dug on the centre line of the 
dyke, down to hard clay, so that when the marsh settled under 
9 
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the weight of the dyke, it should settle evenly, the marsh mud 
being pressed out from the ditch on each side. This would 
cause the surface of the marsh under the dyke to assume a V 
shape. A common earth-work was then built out on each 
side from the upland, the material used being gravel found in 
the vicinity. The top of the dyke was six inches higher than 
the highest point reached by the tide during the " Minots 
Gale" of April, 1851, when it reached the highest level ever 
known. 

A slope of I % horizontal to 1 perpendicular was given to 
the inside, while the outside was in three different slopes, viz.: 
i^ to I, 2 to I, and 3 to i, the steepest part being at the top. 

The small channel on the north was filled by a common 
dump, in the other small channel was the sluice-way, and the 
third and largest was the site of the tide-way or apron. This 
apron was near the south side of the main channel. 

It was designed to give a passage for the tide until the 
dyke was in a condition to exclude the water from the marsh. 
Between the apron and the north shore of the channel two 
parallel rows of piling and sheet-piling were driven, and con- 
nected by iron tie-bars. 

The sheet-piling reached to high-water mark. Earth was 
then filled in between these two rows of piles. 

The apron was 70 feet long, measured across the channel. 

For its construction, two rows of sheet -piles, 18 feet apart, 
were driven about 10 feet into the mud, when they struck 
hard-pan which they could not penetrate. 

These sheet -piles were cut off at low-water mark. 

The space between the two rows of sheet-piles was decked 
over on low-water level. On top of the deck, on its middle 
line, a row of vertical timbers, five feet apart, was set up. These 
vertical posts were double, and so bolted together as to leave 
a space of two inches between them, and were braced by braces 
from their tops to the edges of the apron. The five-foot 
spaces between the posts were arranged to receive flash-boards 
slid down in the grooves. 

When in position the flash-boards would stop the flow of 
water between the vertical posts and over the apron. 

The plan was to build the dyke from each side out to the 
apron, the water flowing in and out over the deck in the mean- 
time. When the dyke was complete on both sides, the flash- 
boards were to be placed in position at low tide, and the ocean 
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permanently shut out from the marsh. The whole portion in 
the channel was then to receive a fill and take the proper slopes 
outside of the buried structure. 

The work proceeded well until the dyke south of the tide- 
way was finished, and the filling of the channel between the 
north shore and the tide-way or apron was commenced. 

As the filling proceeded the water-course was contracted, 
and a large part of the water was forced through the tideway, 
70 feet wide, provided for that purpose. When that portion of 
the channel north of the tide-way was nearly filled, the water- 
course was contracted to such an extent, that the discharge of 
water from the marsh was very much obstructed, so that the 
water in the harbor below the dyke fell so much faster than 
that above, that its surface became six feet below the level of 
the water above the apron. This state of affairs caused the 
water from the marsh to flow out over the apron with tremen- 
dous force, and to fall over its outer edge as it would over a 
dam. The action of this current was to cut away the mud and 
rip-rap from the lower side of the apron, in consequence of 
which the sheet-piles began to float off down stream. 

At this point the situation was indeed critical. All the 
available teams were summoned to fill in the tide-way with 
whatever material could be most quickly obtained. Bags of 
sand had been provided in anticipation of such an accident, 
and they, with stone walls, gravel, and other similar material, 
were thrown in to fill the breach. After some time of anxious 
and hard working, the channel was closed and the structure 
saved by a rough fill. 

It is said that the rush of water was so great that stones of 
half a ton or more in weight were carried several hundred feet 
down stream by the current. Had the tide-way been wider, or 
heavier rip-rap been used to prevent the cutting away of the 
mud by the current, this disaster would have been avoided. 

It augmented the cost of the dyke to a considerable degree, 
as damages had to be paid for the walls, etc, removed to fill 
the channel. The extra expense on account of the accident 
was more than $5,oco. 

When completed, the structure was four feet wide on the 
top, and about six and a half feet high above the surface of 
the marsh. In 1879 it was widened, at a cost of a little less 
than $3,000, to carry the road between Brant Rock and Green 
Harbor Village. 
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The total width is now about thirty feet. The total cost of 
the dyke was $32,261.68, the items of expense being as follows: 

For land, gravel, and similar materials $2,435 20 

" lumber and piles 2,842 46 

" sundry labor 3,94i 79 

" bolts, rods, spikes, etc 570 41 

" pile-drivers' labor 3.647* 70 

" gravel filling 12,049 Oi 

" sluices and tide-gates 1,520 64 

" sundry expenses 960 84 

" interest account 1,131 71 

" legal expenses 582 00 

" salary of commissioners and collectors' fees. . z,579 92 

Total cost $32,261 68 

After the completion of the dyke, ditching should have 
been immediately commenced, but on the contrary it was very 
much neglected, owing to the lack of funds and the indiffer- 
ence of all the owners, except the most sanguine. A few 
ditches were dug from time to time, but no thorough system 
of drainage was attempted. The water level in the stream 
flowing through the marsh is about five feet below the marsh 
level, hence the average depth of ditches is about four feet. 

It was found that ditches i foot wide and 24 feet deep, cost 
about twenty-five cents per rod in length. 

Previous to the construction of the dyke, the marsh was 
similar to those found along the coast, producing only a poor 
quality of salt hay, and vegetation common to such land. 

The soil was of a dark, rich color, exceedingly spongy and 
soft, so that a pole could be run down from eight to fifteen feet 
before bottom was reached. 

When first reclaimed, the soil was of course very salt, being 
even more so than the ocean itself, probably on account of 
the continued concentration of the sea-water by evaporation. 

The following analyses, made by Professor Goessmann, of 
the Massachusetts Agricultural College, show the number of 
parts of chlorine found in samples of the marsh-water, as com- 
pared with the amount contained in sea-water. The samples 
were collected in May, 1873, the saltwater having been ex- 
cluded the November previous. 
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Chlorine found in one hundred parts of water, was as 
follows : 

Sample I. Sample II. Sunple III. 

1.9407 i.;o2 2-3I9S 

Sample No. I., percentage of chlorine in sea-water. 

Sample No. II., percentage of chlorine found In a sample 
of water taken from a hole three or four feet deep, dug for the 
purpose, in the middle section of the marsh. 

Sample No. III., percentage of chlorine found in a sample 
of water from the lower section of the marsh, collected in the 
same way as No. II., the sample being somewhat stagnant. 

From the foregoing statistics we see the great importance 
of drainage, in order that this salt may be removed by the in- 
filtration of rain-water, which would carry it off in solution. 

While drainage is so insufficient, but poor agricultural 
results can be expected, as the salt, though dissolved by the 
rain-water, can not be removed. 

The crops raised have been principally hay and onions, 
though corn, potatoes, oats, pumpkins, and a few strawberries 
have been tried with success. Onions have produced the 
most satisfactory results, being less sensitive to salt than many 
crops. In 1880, seventeen hundred bushels of onions and four 
hundred bushels of corn were raised. Experiments with hay 
have shown that red-top produced the best results, though 
timothy was found almost equally good. In 1880 one acre of 
red-top produced three tons of hay. 

At no time has there been more than three or four hun- 
dred acres of marsh land under cultivation, and a considerable 
portion of it is now covered with birches, some of which are 
fifteen or twenty feet high. 

The salt in the soil is still a hinderance to cultivation, pre- 
venting the maturing of crops in some localities, but, with work- 
ing and drainage, this evil is gradually disappearing, and In due 
time will probably be entirely overcome, . It is not the custom 
to plow the land, harrowing being all that is necessary, owing 
to the lightness of the soil. Considerable difficulty has been 
experienced on account of the old roots of salt grass, which fill 
the soil to a depth of several feet, having accumulated appar- 
ently for centuries without decay. They hold the soil in a 
peat-like mass, making it difficult to break it up sufficiently to 
make a fine mould. Continued working has to some extent 
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eradicated the difficulty by breaking up the mass, but the great- 
est relief has come from a fire which burned over about ten 
acres of marsh, and completely removed the roots to a depth 
of six or eight inches, leaving a fine soil. All crops can be 
raised on the marsh land with much less labor than on the up- 
lands, owing to the lightness of the soil, its freedom from 
stones, and the fact that no fertilizer is necessary. 

When these facts are considered, it seems evident that crops 
can be produced for much less than on the uplands. In one 
instance potatoes were produced at an outlay of twenty-five 
cents per bushel. 

The former value of the marsh land averaged about $6 an 
acre, at present it is valued by the owners at an average of ^40 
an acre, or more than six times its former value. With only 
this increase in value of $34 per acre, on 1,412 acres we have 
a return of ^8,oo8 dollars for the money expended in the re- 
clamation. 

The value of the marsh land will increase every year as the 
soil becomes in better condition. 

From these considerations it seems that, were it not for legal 
difficulties, growing out of the shoaling of the harbor by reason 
of the dyke, the financial aspect of the enterprise would be good. 
When the saltness of the soil shall have been overcome by 
time, proper drainage, and working, and its fibrous condition 
removed by fire or decay, it will doubtless amply repay the ex- 
pense incurred, by its ease of working and inexhaustible fer- 
tility. While the benefit to the marsh land is great and in- 
creasing, the damage to the harbor below, by reason of the 
dyke, is very marked. 

Previous to the construction of the dyke. Green Harbor was 
about 500 feet wide, and extended from the present position of 
the dyke 3,300 feet in a southerly direction to the ocean. 

The north side of the entrance of the harbor to the ocean 
is a rocky point, while on the south side a beach stretches 
away nine mites to Gurnet Head. At the entrance to the har- 
bor was a bar, which still remains. 

It was observed that when a northeast storm occurred at a 
time when the tide did not overflow the marsh, i.e., at the low 
course of tides, that the sand was driven into the harbor. 
This sand remained in the harbor till the succeeding high 
course of tides, when it would be washed out, and the harbor 
be left in its previous condition. From this fact alone we see 
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that the water which overflowed the marsh land played an im- 
portant part in the scouring of the harbor, as indeed we might 
suppose it would. 

The marsh being at the level of mean high-water, was not 
covered until toward the last of the flood-tide, and high-water 
on the marsh did not occur till after high-water in the sea. 

When the ebb-tide commenced, the marsh served as a great 
reservoir, holding back the water upon it, by reason of its 
large expanse, until the water-level in the harbor below had 
fallen, and then causing a rapid outflow at a low stage of the 
tide. The scour of a current is as the square of its velocity. 
In the case of the flood tide, when it flrst began to make, i.e. , 
when the channel through which it must run was small, the 
velocity was also small, because there was but little fllling to 
be done, and when the tide reached a point where it began to 
overflow the marsh, the channel at the surface was much 
broader than that occupied by the water at low tide, and con- 
sequently the velocity would not be greatly increased. 

On the contrary, during the ebb tide, the greatest flow 
would take place when the tide had fallen sufficiently to allow 
the water from the marsh to flow out, its velocity becoming 
greater and greater as the tide outside fell, giving a greater 
head and a narrower channel. It is evident, therefore, that 
the greatest velocity of current was attained near the last of 
the ebb tide, and the greatest movement of drifting sand would 
then take place. 

It would seem that an equilibrium existed between the 
forces which tended to drive the sand into the harbor and the 
scour which tended to wash it out. The bar was formed on 
the neutral ground between the two forces. 

If one of these forces was diminished, the other must gain 
the ascendancy and control the changes till, by alteration in 
the channel, equilibrium was again established. 

This was the case when a storm occurred on the low course 
of tides, for then the efflux, being small, was impotent to force 
back the sand driven in by the waves, and it remained until 
the marsh was again overflowed, when it was washed out. 
When the dyke was built it shut off the water from the marsh 
at all stages of the tide, and the same result followed as though 
the low course of tides had been permanent. The consequence 
was a filling-in of the harbor. 

The filling commenced near the mouth and has worked 



.glc 



126 THE QUARTERLY. 

farther up each succeeding year, though not as rapidly latterly 
as for the first few years after the dyke was built. 

The decrease in the rapidity with which the harbor has 
filled in of late is probably owing to the decrease in size of its 
mouth, giving the sea less chance for its work. It seems prob- 
able that when the harbor has filled in to a certain point, the 
equilibrium between the two acting forces will be again estab- 
lished, and it may be th^t this equality has already been 
reached, and no further filling will take place. The material 
washed into the harbor seems to have come from the beach 
adjoining on the south. The beach has grown in a northerly 
direction and crowded the channel many feet north of its former 
position. The westerly side of the harbor has suffered to the 
greatest extent, the sand having filled in to an average depth 
of eight feet over a lai^e area. At one point, where formerly 
there was about four feet of water at low tide, the sand is now 
bare two hours after high water. The depth of water on the 
bar is also less than it formerly was. These changes which 
have taken place in the harbor have almost ruined it for the 
purposes for which it was formerly used. 

The residents upon its shores derived some income from 
yachting parties which made it a resort in summer, and the 
fishing interest was not inconsiderable. 

At present but few yachts come there, and the fishermen 
find it unsafe to venture far out, except in the best of weather, 
lest a storm coming up when the harbor is closed by low tide, 
they be caught without shelter. 

This loss has caused the people interested in the harbor to 
feel very bitter against the " dykers," as they are called, and 
to hinder the success of the enterprise in every possible way. 
At one time they even tried to blow up the dyke. Three kegs 
of powder were obtained and placed in the sluice-way; they 
were exploded at dead of night, and though the dyke still re- 
mained intact, it was badly shaken. The perpetrators of this 
deed were not discovered, though parties who boast of having 
paid a share toward the powder are not wanting. 

In conclusion I would say, that though the reclamation 
promises to be a success, it is, to a certain degree, at the ex- 
pense of the harbor interest. 

Though the pecuniary loss sustained by the damage to the 
harbor does not fall upon the owners of the marsh, it is, nev- 
ertheless, borne by the community at large, and is one of the 
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drawbacks thoroughly to be considered' before constructing a 
dyke of this kind. 

This precaution is especially necessary, when, similarly to 
that at Marshfield, the marsh makes the main reservoir for 
tide-water, and is situated at the head of the estuary. 



DRY CONCENTRATION AT FRISCO, UTAH. | 

By H. V. K. FURMAN, E.M, 

The Carbonate Mine is situated about two miles northwest 
of the town of Frisco, Utah. The vein is apparently a true 
fissure, having a dip of from 70° to 80°. The country rock is 
porphyry. The fissure, like those of the Bassick and Bull Do- 
mingo veins, has been filled in from the surface with rounded 
pebbles and boulders, which in this mine have been cemented 
together with galena, calc-spar, and in some cases with cerus- 
site, which minerals have evidently been precipitated from 
a water-solution coming from below.' The walls generally 
have a casing of clay and talc. The shaft is sunk in the vein, 
and follows the foot-wall most of the way down. The vein 
has been cross-cut a distance of forty feet without any in- 
dications of a hanging-wall as yet. The ore-body is on the 
foot-wall, in some cases being very wide, so that it is worked 
by the system of square-set timbering. Owing to the structure 
of the vein, the ground is very treacherous, and requires care- 
ful and expensive timbering. It will be seen from the above 
brief description of the vein, that the ore as it comes from the 
mine contains a large percentage of waste, some of which can 
be separated by hand picking, but the larger portion of which 
can only be separated by crushing and subsequent mechanical 
treatment. The difficulty was the want of water, the water 
supply being derived from two wells which furnish just about 
sufficient to supply the boilers, the mine furnishing very little 
water. Hence, any wet process of concentration was ont of 
the question, and the present concentrating works were 
erected. The main building is 93 feet 16 inches in length by 
29 feet 6 inches in width. To this ts attached the boiler and 
engine-house, a building 36x25 feet, and a two-story build- 
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ing 19X IS feet, the ground floor of which is occupied by the 
Frue Vanner, There is also a building at the end, 26x12 
feet, which is occupied by the crusher. 

The ore is hoisted from the mine in buckets, and emptied 
into a car when it reaches the surface. The car is run around 
from the shaft -house over a trestle-work to the crushing- 
house, where the ore is dumped. Some of the ore is dumped 
in ore-houses near the shaft, where it is picked over by two 
men. The ore is fed into the crusher by a man who also looks 
after the dryer, rolls, screens, and elevators, and who receives 
$3-50 per day. From the crusher it passes directly into the 
drying cylinder, a form of dryer which is now used in many 
dry-crushing silver mills. The cylinder is iron. 24 feet 6 inches 
long, and having an inclination of 12 inches in that distance. 
On the inside of the cylinder there are two inch angle-irons, 
fastened the entire length of the cylinder, which raise the ore up 
as the cylinder revolves, and cause it to fall through the hot 
gases. A toothed wheel which encircles the centre of the 
cylinder works into a gear wheel, which is on a shaft driven by 
a pulley and belt. The cylinder is supported at each end.by 
friction rollers. At the lower end of the cylinder is the fur- 
nace, which is built of masonry. The grate is 2 feet 4 inches 
wide by 4 feet 6 inches deep. The furnace burns two-thirds of 
a cord of dry pine slabs, or one and one-eighth cords of cedar 
wood in a twenty hours' run. The ore from the dryer falls 
on an iron riddle, 8 feet long and 2t inches wide, which is 
covered with a lo-mesh screen. The riddle is suspended at 
the upper end, has an inclination of 2 inches in 3 feet, and a 
throw of 4 inches in the direction of its length, which is given 
to it by an eccentric. The ore which passes through the 
screen falls into a chute, which takes it to the elevator. The 
ore passing over the screen goes through the first set of Corn- 
ish rolls. The rolls are 24 inches in diameter, have a face of 
15 inches, and make twenty-eight revolutions per minute. The 
ore from the rolls falls on a riddle similar to the one before 
described. The ore which passes over the ten-mesh screen of 
the riddle passes through a second set of rolls similar to the 
first set. The crushed ore is then lifted to the screen room by 
means of an endless rubber belt, to which metal cups are at- 
tached, at a distance from each other of 9 inches. 

The crushed ore is discharged upon a 20-mesh revolving 
screen. The ore passing through the screen falls into a chute 
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which conveys it to a bin, from which it is hoisted to the 35- 
mesh screen. The ore passing over the screen at the lower end, 
falls into achute which conveys it to the separators. In a similar 
manner the ore passing through this screen, and the succeeding 
ones, is elevated to the screen next in order, the ore passing 
through the last screen going to the Frue Vanner, whilst the 
ore which passes over the different screens is conveyed to the 
separators. There are six revolving screens in all, arranged in 
the following order : 20-mesh, 3S-mesh, so-mesh, So-mesh, iio- 
mesh, and 140-mesh. The screens are all 8 feet 9 inches in 
length, and have an inclination of i inch in i foot. The 20- 
mesh and 35-mesh screens are iron wire, being cylindrical with 
a diameter of 32 inches. The other four screens are eight- 
sided, the sides being i foot wide and covered with silk screens. 
All of the screens revolve inside of a frame-work covered with 
cloth to retain the dust. The screen room is 35 feet 7 inches 
in length, by 12 feet in width. The bin room is directly un. 
derneath the screen room. The room in which the separators 
are located is on the second floor, underneath the bin room, 
and is 35 feet by 29 feet 6 inches. It contains eleven Paddock 
pneumatic separators,' Two separators run on stuff passing 
over the 20-mesh screen, three on that passing over the 35- 
mesh screen, two on that passing over the JO-mesh screen, one 
on that passing over the 8o-mesh screen, two on that passing 
over the no-mesh screen, and one on that passing over the 
140-mesh screen. The machine consists of an inclined sieve 
(cloth), over which the ore passes, and through which air is 
blown into the ore by means of an elastic diaphragm below. 
The air current is intermittent, the number of puffs being regu- 
lated by cone pulleys, and the strength of the current being 
also proportioned according to the thickness of the ore-bed. 

The ore is lifted by the air-current, and falls again on the 
sieve. By this treatment the ore, in passing through the ma- 
chine, is gradually separated into layers on the sieve accord- 
ing to the specific gravity of the minerals which compose it. 
The crushed ore is delivered from above into a hopper, from 
which it passes to the sieve. As the ore flows down the sieve 
fresh supplies run in from the hopper, which is adjustable, so 
that the length of the bed and the time of treatment can be 
adjusted according to the ore treated. The inclination of the 

' Described bjr John A. Church (S. of M., '67) in the Tianuctiuiu of the 
Americ^D Iiulitute of Mining Engineers, vol. viil, p. 148. 
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bed, both lengthwise and sidewise, U controlled by means of 
screws at each of the four corners of the frame, and the air- 
chamber is made with flexible sides to permit this adjustment 
The heads, middlings, and tailings are discharged from the end 
of the machine, over a tail-board, and run offside by side. 

The horizontal movement necessary to place them side by 
side is effected by means of an inclined grating laid on the 
sieve. This grating consists of a series of narrow brass strips 
inclined to the path of the ore, which direct the concentrated 
ore to one side of the bed, where it collects in a trough and 
flows down to the tail-board. Upon this grating there is a 
similar one, made of broader strips, which are inclined in the 
opposite direction. The light mineral, being on top, is con- 
veyed by this upper grating to a trough on the opposite side, 
and by the trough to the tail-board. The whole bed is inclined 
slightly toward the lower corner on the side of the heads. On 
the tail-board are two adjustable strips of wood, which prevent 
the heads, middlings, and tailings from mixing again as they. 
are discharged into their respective boxes. The heads pass 
through a Ij^-inch gas-pipe to the packing barrels on the floor 
below, and the tailings in the same way to bins, from which they 
are drawn off into cars. The middlings are passed through the 
jigs again. The sieve consists of cloth, that on the jigs running 
on lo-mesh stuff being coarse, whilst that on the other machines 
is fine broadcloth. The coarse cloth has to be replaced every 
two to three months, whilst the fine cloth lasts from nine to ten 
months. There is a cloth hood over each of the machines, which 
is in communication with a No. 5 Sturtcvant Blower, which draws 
the fine dust into a dust-chamber. The fine dust produced by 
the Cornish rolls is collected in a similar manner, and all the fine 
stuff is washed on the Frue Vanner. The pneumatic machine 
treating stuff between iio-meshand 140-mesh makes onlyheads 
and tails, and the tails are washed on the Frue Vanner instead of 
being put through the machine again. There are three men to 
look after the machines : one to tend those treating lO-mesh stuff, 
one to tend those treating 20-mesh stuff, and one for the ma- 
chines treating finestuff. These men receive $3.25 per day each. 

The Frue Vanner is situated on the ground floor. This 
treats all the fine stuff, but owing to the scarcity of water it 
can only be run part of the year, so there is a house in which 
the fine stuff which accumiilates is stored. The water from the 
Frue Vanner has also to be saved, so the tailings are run off 
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into settling tanks. There are five of these tanks, which com- 
municate with each other, and from the last of which the water 
is pumped back to the Frue Vanner by a small hand-pump 
actuated by a connecting-rod and eccentric. On top of the 
water in the last tank there floats a scum of carbonate of lead, 
which is skimmed off from time to time. The man who tends 
the Frue Vanner also shovels the slimes out of the settling- 
tanks. This man receives $3.00 ptr day. The heads from 
the Frue Vanner are shovelled out of the settling-tank from 
time to time on to a drying-floor, and when partially dry are 
packed in half-barrels. The loss of water used on the Frue 
Vanner is about one hundred and fifty gallons per day. All 
the concentrates are packed in barrels, holding from 600 to 
1,200 pounds, according to the purity of the concentrates, and 
shipped to the smelter, a distance of about two miles. 

There are two engines, one of fifty-horse power, which 
runs the rolls, crusher, dryer, screens, elevators, and large 
blower (it is an ordinary horizontal, slide-valve engine, built 
by the "Erie City Iron Works"); the other, a five-horse 
power ordinary horizontal, slide-valve engine, which runs the 
separators, Frue Vanner, and No. 5 blower. There are two 
boilers, each 40 inches in diameter, with flues 16 inches in 
diameter and 20 feet long. Each boiler has two return flues, 
and is provided with a mud drum. The exhaust steam passes 
into the large water-tank, which has a capacity of 7,500 gal- 
lons. The boilers use about 8,000 gallons in a run of twenty 
hours, but a large quantity of this is saved by passing the ex- 
haust into the water-tank. The boilers burn from four to five 
cords of cedar wood in a twenty hours' run. Cedar wood costs 
$2. 50 per cord and pine slabs cost $3.25 per cord. There is one 
engineer to each shift, who receives $4,00 per day. There is 
also one man-of-allwork employed, who receives $3.00 per day, 
and one foreman. There are two shifts of ten hours each. The 
works treat about one ton of ore per hour. They have treated 
thirty tons a day ; but the jig capacity is only about twenty tons, 
although the capacity of the crushing and screening machinery 
is much more. They use one gallon of oil a day, and two to 
three pounds of graphite grease a week on the machinery. 

The ore as it comes from the mine will probably average 
12 per cent lead, 25 ounces silver, and 9 per cent, water. As 
the ore which comes from the mine is not carefully sampled it 
is impossible to say what percentage of the lead and silver is 
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lost in the process of concentration. A calculation made on the 

best data shows in fact no ioss, but over lOO per cent, gained. 

The following table gives the results of the run for May, l88l : 
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The concentrates from the Frue Vanner hold about 18 per 
cent, moisture. 

The average of a large number of assays of tailings would 
give a trace of silver and no lead. The largest amount found 
in any of the samples of tailings was 1,45 ounces silver and a 
trace of lead. 

The highest assay of tailings from the Frue Vanner gave 
1.8 per cent. lead and 6.56 ounces silver, and the lowest assay 
gave 0.3 per cent, lead and i 60 ounces silver. The time of 
running was 525 hours. 

MILL RUN FOR JUNE, l88r. 
fn\,ij,^ poiindi ef ore Mpptd from tht mini to tht 



8c^979 
34.83s 
14.835 



3.843 



30.8 
45-6 
44.6 



68.07 
105.86 
104.91 

80.31 
97.70 
134-30 



The fine stuff treated on the Frue Vanner gave 22,838 
pounds of concentrates, holding about 18 per cent, moisture, 
43-3 per cent, lead, and 10645 ounces silver to the ton. 

The average of all the assays of the tailings from the Frue 
Vanner gave 0.2 per cent, lead and 1.45 ounces silver. 

The average of all the assays made of the tailings from the 
Paddock separators showed a trace of silver and no lead by 
fire assay. Time of running, 520 hours. 
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AURORA, NEVADA ; A LITTLE OF ITS HISTORY, 
PAST AND PRESENT. 

By thb latb HENRV G. CLARKE, E.M. 

The history of Aurora is that of the typical mining camp. 
The first discovery of ore was made in 1862, and in a few short 
months, Aurora, with a population of sixteen thousand people, 
was one of the liveliest mining towns Nevada has ever had ; 
stamp-mills were erected, ore was plenty, and millions of dol- 
lars in bullion were produced; everybody had money, and 
saloons and dance-houses flourished without number. 

For two years the "boom" lasted, till, in 1864, the rich 
ore that had been so plentiful in the croppings of the immense 
ledges that run through the district, seemed suddenly to be 
exhausted. The Comstock at this time was attracting a good 
deal of attention, and the population of Aurora Hterally emp- 
tied itself into Virginia City. Most of the mills were pulled 
down, and the lumber and machinery shipped away. Nearly 
all the wooden buildings shared the same fate, and nothing 
was left of poor Aurora but the brick buildings, which, for so 
young a town as Aurora then was, are remarkably fine ones, 
and the name of being the county-seat of Esmeralda County, 
A population of four or five hundred, who had confidence 
enough left to " stay with the proposition," as they say here, 
was all that remained. 

In the caflon below the town may be seen the ruins of no 
less than seventeen mills, some of which were very fine ones, 
enclosed in brick buildings, every brick of which cost twenty- 
eight cents. 

The machinery is still standing in the Del Monte Mill, which 
was one of the finest and most costly mills on the Pacific Coast. 
It affords a fine opportunity of comparison between the mills 
of twenty years ago and those of today. This mill was pro- 
vided with twenty stamps, and was enclosed in a brick build- 
ing that would have done credit to any Eastern city. Blake's 
rock-breakers were unknown when this mill was built, and the 
ore was broken and prepared for the batteries by being crushed 
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under two immense stamps, weighing two thousand pounds 
each, and having a drop of 4 feet. There were no mortars, but 
a solid bed, or anvil, was surrounded by massive grates of bar 
iron, through which the quartz would drop as fast as broken. 
Each of these stamps was capable of crushing one ton of quartz 
per hour, but with an enormous expenditure of power, as is 
evident, when we consider that for each blow a ton weight of 
stamp was to be raised 4 feet. The stamps proper are seven 
hundred pounds weight, and all the wood-work about the bat- 
teries is nicely finished and oiled, a luxury not often seen now. 
The mill is provided with the first Wheeler pans ever cast, also 
the first Varney pans made were used in this mill. 

In the two years of prosperity which Aurora enjoyed, she 
turned out over twelve millions in bullion. The geological for- 
mation in which the mines are situated is a belt of porphyry, 
which forms a succession of three or four hills, lying in a gen- 
eral northeast and southwest direction. This porphyry, disap- 
pearing under overlying formations both ways, but coming to 
the surface again ten miles southwest of here at Bodie, Califor- 
nia, and forming the celebrated Bodie Bluff, on which the 
Standard, Bodie, Bulwer, and other well-known mines are situ- 
ated. At Aurora this porphyry is seamed with numerous veins 
of quartz, whose croppings stand high above the surrounding 
country rock. These veins generally have a strike or trend of 
about N. 40° E., though there are some cross ledges running 
nearly east and west. The mineral occurs in the veins in bonan- 
zas, or what are locally called rich chambers. The quartz for 
long distances will be barren, or nearly so, though the walls 
continue good, then suddenly it will become highly mineral- 
ized with native gold and silver and some sulphide of silver; at 
the same time the walls widen out, and the vein is filled from 
wall to wall with the richest kind of ore. 

Most of the bonanzas that were worked in the old days out- 
cropped at the surface, and this explains why the district pro- 
duced so much bullion in the first two years of its existencci 
These chambers were literally " gouged " out, without any re- 
gard for the future of the mines. 

After the rich chambers of ore had become exhausted and 
the money had been paid out in dividends and expensive law- 
suits about titles, etc. , work on the mines was abandoned with- 
out any attempt at prospecting the veins for new bonanzas. 
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The sides of the hills below the outcroppings of these veins 
are covered with " float ore," and men make good wages, to 
this day by breaking these quartz boulders and sorting out the 
ore. 

Two or three years ago the Real Del Monte Company 
determined to prospect Last Chance Hill by sinking a deep 
vertical shaft and cross-cutting to the veins, none of which had 
ever been prospected below 200 feet from the surface. This 
work was inaugurated under the management of Mr. George 
Daly, but for the past year or so has been in charge of Mr. D. 
M. Tyrrell. In sinking this shaft large quantities of water 
were encountered, which, in spite of the large and powerful 
machinery put in, has finally caused the work to be suspended, 
and the problem of what these veins contain in depth is still 
an unsolved one. A project is now being considered by the 
company to run a tunnel from a point near the old Antelope 
Mill; this tunnel would be about four miles long, and would 
strike these veins at over 1 ,000 feet depth. 

On Silver Hill, a New York company have purchased the 
Cortez Mine and commenced work under the management of 
the writer of this article, and have already uncovered a bonanza 
that bids fair to rival any of those worked in 1862-64. The 
Cortez and Utah claims are on a vein whose normal width, 
when not in bonanza, is about 3 feet. In the 1,500 feet of this 
ledge covered by the Utah patent, five bonanzas were found, 
which yielded in the aggregate over five millions. 

In the Cortez ground, only 200 feet of the ledge has been 
prospected, and that only to a depth of 150 feet, this work 
opening up a chamber of ore, extending from the surface 
nearly to the iJO feet level, that was 50 to 75 long, the walls 
of the vein widening out to 20 and 25 feet apart. This cham- 
ber yielded two million dollars, and was worked out in 1862- 
64. The mine has been practically idle ever since, till the 
present owners came into possession, about April ist of the 
present year. 

Our first work was to commence sinking an incline in the 
vein from the bottom of the 150 feet level, it being the inten- 
tion to sink to the 250 feet level and drift both ways. In sinking 
this incline, at a depth of 20 feet below the 150 feet level, the 
top of the bonanza was reached. The quartz which, down to 
this point had been very low grade, became highly mineralized 
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with both gold and silver, and assaying from $250 to $i,cxx) 
per ton. The vein widened rapidly, and every foot added to 
the amount of gold that could be seen in the ore. At the 
present writing this incline has reached a depth of 50 feet, every 
foot having added both to the width of vein and grade of ore, 
pieces of quartz coming out that weigh 30 or 40 pounds, and 
assay $10,000 to the ton, the whole mass being literally filled 
with fine particles of gold. The proportion of the respective 
values in gold and silver *in the Cortez ore is about two dollars 
in gold to one dollar in silver. 

This discovery will probably cause some of the other veins 
that produced so much in the past to be further prospected, 
and so Aurora may regain her lost laurels. 
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Mining Engineering. 

Cheap Shaft-sinking for Prospecting Purposes. — In the Pennsyl- 
vania hematite regions, (he common method of prospecting is by means 
of small tesi-pits, sunk through the overlying clays and gravels to 
depths of from lo to 50 feet, or more. The Pennsylvania Dutchmen 
who sink these pits often become qnite expert at the business, and 
will take contracts at remarkably low rates to sink to any depth re- 
quired, or until bed rock is readied. In the I.ehigh Valley, according 
to Professor Cook, the contract price for digging such pits up to 50 
feet in depth ranges from fifteen to twenty-five cents per foot. The 
peculiarity of the method followed by these prospectors is in the very 
small diameter of the shaft sunk, ranging from 30 inches to 3 feet 
only. A light pick and a spade, with handles about a foot long, are 
used for the work, and the dirt is hoisted in a small bucket, holding 
about fifty pounds, by means of a light windlass, which can easily be 
carried from place to place. Two good men can by this method sink 
JO to 30 feet in a day, and the peculiar skill with which they adapt 
themselves to their narrow quarters is most remarkable. Up lo a 
depth of 8 feet, or more, these human gophers sink without using the 
windlass, and contrive to throw the dirt clean out of the hole without so 
much as a pebble failing back on them. These pits, on account of their 
small diameter, and the care and skill with which they are sunk, ap- 
parently need no lining or timber-support to insure the safety of the 
men, whereas larger shafts, sunk in the ordinary way, would have to be 
timbered, and would cost five to ten times as much. A description of 
and notes on this method of prospecting will be found in the annual 
reports of the State Geologist of New Jersey for 1872 and subsequent 
years. Our attention was called to the method by Mr. William Allen 
Smith, '6S, who has had occasion lately to employ two o( these Penn- 
sylvania shaft-sinkera in the examination of several hematite properties 
in this State. 

Signalling in Shafts. — In the Osceola Copper Mine, Lake Supe- 
rior, is a very ingenious system of signalling, well adapted for (he sys- 
tem of hoisting in use. As in most metal mines, several levels are work- 
ed at once, and, consequently, the ore has to be hoisted from several 
different points in the shaft. The skip is loaded directly from the car, 
and to arrest and support it in the proper position for dumping the 
car-load from the level, a " gate," or heavy timber, is thrown across the 
shaft before the skip is lowered. The object of the system of signal- 
ling adopted is to inform the engineer at what level the skip will thus 
be stopped, as otherwise he must slow up as he lowers past each level, 
or run the risk of carrying away a gate and damaging the shaft-timbers 
and the skip. 
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The signals are conveyed to the surface by a wooden rod, about 
two inches square, the different sections firmly joined together by iron 
straps, and supported by guides, etc., like the pump-rod of a Cornish 
pump. At the upper end, this rod is connected by an angle-bob with 
a horizontal rod leading into the engine-room, where it moves a' long- 
pointer over the face of a graduated dial. When this pointer is pushed 
back to zero it rings a bell. This is ihe signal to boisl. Before the skip 
reaches the surface, the pointer will probably be seen to move back- 
ward over the dial, stopping, we will say, at the figure indicating the 
fifth level. This has been done by the trammers at that level, who are 
waiting there with a car of ore, and inform the engineer that the skip 
should be lowered to that level next time. Some arrangement for 
locking the rod must, of course, be provided at each level, to insure 
that the rod takes the ejiact position to move the pointer to the proper 
figure on the dial in the engine-room. The rod being locked, also pre- 
vents the trammers at other levels froin moving the index until the skip 
has been loaded at the fifth level. When this is done, the tramners 
nnlock the rod, and by means of a lever push it upward. This mcves 
the pointer in the engine-room back to zero and rings the bell, givinjf 
the signal to hoist. The rod now being free, can be moved by the 
tramniers who may be waiting at another level. 

Another form of Signalling Apparatus used in the shaft of the Koh-i- 
noor Gold Mining Co., Ballarat, is described in the report for 1880 of 
the Chief Inspector of Mines of Victoria. 

This apparatus is used both as an indicator and a speaking-tube. A 
two-inch gas-pipe is placed down the shaft, which pipe revolves on a 
tapered step at the bottom, and is supported by glands resting on the 
top of plates fixed at intervals in the shaft. There are pins through the 
couplings to prevent the lengths of piping from unscrewing when moved. 
At each level, and at the surface, handles, with pointers attached, are 
clamped to the pipe, by which it can be turned on its axis. Alarm-bells 
are attached to the handles and indicating dials, either hoop-shaped 
semicircles, or flat horizontal discs, are provided at each level. The 
spaces on these dials are filled in with such words or messages as will 
be most useful. If more than one level is being worked at the same 
time, the indicator shows "Cage wanted at No. i," and so on, as the 
case may be. When communicating from below, the handle is turned 
to the space marked "Attention," and, in moving, rings the bell. If 
the engineer be absent at the time the signal is given, he sees, on re- 
turning, by the pointer being at "Attention" that some one has been 
ringing. He then moves the handle, which rings the bell below. The 
man below then moves the pointer to the space on the dial indicating 
the article required. The handle is not moved again till something is 
wanted, when it is brought back to " Attention " as before. 

For speaking purposes, a two-inch T coupling is fitted to the main 
pipe at each level, to which is fixed a rubber-tube with a tin mouths 
piece. This tubing is of such a length that, when not in use, it hangs 
down, and thus prevents the sound from escaping. 
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Experiments and Imprmiements in the Miner of Prussia during 
1880. — An elaborate article, under a title similar to this, appears a.n- 
nually in the official journal. From this report ' and from other sources 
we condense the following items of interest : 

Mining Teais. — A jimiper-drill with replaceable cutting-bits was 
intro<luced in 1879, and has since been used with success in the Kdni- 
gen I^uise coal mine, tn Upper Silesia, 

[From the descii|]tion given, this drill is apparetitly similar to the 
one invented by Capt. William Powell, one of the mining bosses at 
Drifton, and largely used by the miners in the Lehigh anthracite region 
since 1877. The chief advantage of Powell's drill is in the saving of 
labor in carrying the light bits, instead of the heavy drills, in and out 
of the mine to be sharpened. One of these drills may be seen in the 
School of Mines' collection of mining tools.J 

Rotary Boring Machines, for cutting holes, or cross-cuts, through 
the pillars of coal, for ventilation, are now largely used in the West- 
phalian coal mines. These machines are worked by hand, two men 
at a time working a crank, motion being communicated, to the cutter 
by gearing. Holes from twelve to twenty inches in diameter may be 
bored in this way. One of the more recent machines is arranged to 
cut an annular channel two and one-half inches wide, and thirteen and 
one-half inches in diameter. The core left by the machine is taken 
out by blasting with a small charge of powder in a central hole. Four 
men with this machine will bore twelve to fifteen yards of air-way in a 
shift. 

Maekine Drills. — The Frolich, Darlington, and other percussion- 
drills, have been used with good results, as in previous years. 

Brandfs Hydraulic Boring Machine is a rotary uiachJne for boring 
blast holes, with an annular steel cutting-bit, leaving a core like the 
diamond drill. The rods and bit are revolved by two smalt hydraulic 
engines, at a speed of about thirty turns per minute, while at the same 
lime the bit is forced against the rock by strong hydraulic pressure. 
The waste water from the hydraulic engines is forced through the 
hollow drill-rods, and serves 10 keep the bit cool, and, at the same time, 
wash the debris of the boring from the hole. This machine has been 
introduced in several coal mines in Westphalia and Rhenish Prussia. 
The first experiments were not successful, owing to the defective shape 
of the steel cutting bit, which did not give sufficient clearance for the 
rods to work. This remedied, further experiments at several mines 
showed more satisfactory results. In hard sandstone conglomerate 
the drifting by machine costs but about sixty per cent, as much as by 
hand labor. In soft shale the cost was nearly equal, with sometimes a 
slight difference in favor of hand-drilling. The progress of the drifts 
per month — fifly-fivc to seventy-five yards, according to character of 
rock — was considered satisfactory. 

See 
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This machine is, of course, especially applicable when hydraulic 
power is available, and has the advantage of not requiring a very 
elaborate or expensive plant, a pipe or column only being necessary, 
leadinfj from sonie convenient reservoir at the surface to the working 
place below. One-foiirlii cubic foot of water per minute only is, 
needed to run the iiiacliine. 

Compressed Blasting Ptnoder, in the shape of hollow cylinders two 

and one-half inches long, and of different diameters, according to size 
of drill-holes. The requisite number of these cylinders are placed in 
a cartridge-shell, the fuse is inserted in the small central channel, 
and the charge tamped and fired in the usual way. Sometimes a 
^rnall detonating cartridge containing dynamite, fulminating mercury, 
or a picrate salt, is attached to the fuse, and inserted in the central 
channel, with good results. The results with this powder arc varied. 
At two coal mines in Upper Silesia the experiments were satisfactory, 
the blasts giving a greater proportion of large coal and less culm than 
with ordinary powder, with less smoke and greater safety in handling. 

Wood Powder. — A new powder, apparently a nitrO'Cellulose com- 
pound, has been tried with rather unsatisfactory results. 

Gun-Cotton. — Experiments more successful than formerly, but it 
has been definitely proved that it must be kept dry to give good re- 
sults. 

Blasting-Gelatine and Gelatine-Dynamite. — These new explo- 
sives, introduced by Nobel, the inventor and manufacture of nitro- 
glycerine compounds, have, during the last two ur three years, at- 
tracted much attention. Blasting-gelatine consists of nitro-glycerine 
converted into a semi-solid by dissolved gun-cotton, and rendered less 
sensitive to shocks by a small admixture of camphor. Gelatine-dyna- 
mite is a mixture of this explosive with nitrate of potash. From a 
series of practical tests at the Friedrich's Mine, at Tarnowitz, in hard 
and compact rock, the blasting-gelatine has been proved to be safer, 
more elective, and, notwithstanding its higher price (fifty per cent, 
more), more economical than ordinary No. r dynamite. 

The gelatine-dynamite is sold at the same price as ordinary No. i 
dynamite, but is, it seems, not likely to replace the latter. It requires 
a strong detonating cap, containing not less than eight grains of ful- 
minate of mercury, otherwise the full force of the explosion is not de- 
veloped, and even then its effect is not greater than that of ordinary 
dynami'e. In case the initial detonation is insufficient, the smoke of 
the explosion contains so much undecom posed nitric acid gas as to 
be irrespirable, 

A series of practical tests, extending over several months, of the 
value of blasting-gelatine as compared with ordinary No. i dynamite, 
were made at Mansfeld. In drifting in conglonu'rate, about one-third 
per cent, more rock was excavated per day's labor, and the cost for 
explosive for equal volume of tock was about one-third less when the 
blasting-gelatine was used. In softer rock the difterence was not so 
great, but still showed economy in the use of the stronger explosive, 
notwithstanding its cost. Nine holes, charged with the new explosive. 
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did the wortc of twelve charged with dynamite. Blasting-gelatine has 
also the advantage of not freezing as easily as ordinary dynamite, and 
of being unaffected by water. Explosions at the Rhein-Freussen Mine, 
and at Leimbach, near Mansfeld, have thrown some doubt on the 
safety of this material, as these explosions are said to have been 
S)K>ntaneous. This, however, has not been clearly established. 

Blasting- Pods. —K new method of firing blasts has been intro- 
duced aC the Grafin-Laura coal mine in Upper Silesia. A paper or 
cardboard tube, about an eighth of an inch in diameter, and perforated 
with small holes, is placed in the cartridge so as to leave an open 
channel in the middle of the powder, and thus secure a more perfect 
ignition than when fired with a fuse or straw. An economy of 
twenty-five per cent, of powder, and a larger percentage of large coal, 
is said to result from the use of this simple device. [The Gomez fuse, 
which was used to some extent in the Pennsylvania anthracite mines 
several years ago, had a similar object. This consisted or a flat tape 
of folded cartridge-paper, charged with some quick explosive mix- 
lure, possibly one of the picrate salts. On lighting one end of this 
fuse it exploded at once through its whole length, whether the piece 
Wis 3 inches or 3 feet in length, with a report like a fire-cracker. 
In using, it was intended that the fuse should be inserted in the 
powder, reaching to the bottom of the cartridge, the object being 
Xo explode the whole charge simultaneously, and thus avoid loss of 
energy by the escape of part of the gases through cracks formed 
before the whole charge is exploded. Some experiments made by 
the writer seemed to prove that there is but little, if any, advantage 
gained by the use of the fuse. In a few cases there was an apparent 
gain of twenty to twenty five per cent., the fuse doing the work with 
about one-fifth less powder than was judged necessary. With another 
miner, who perhaps estimated the amount of powder required more 
accurately, a similar reduction in amount caused the shot to fail en- 
tirely. It would thus seem that the gain, if any, lies in the saving of 
the extra amount of powder put in by the miners " to make sure," 
and it is probable that the same economy might be obtained with 
any fuse or peculiar niethod of tamping or firing, provided that the 
miners were instructed at the same time to lessen by one-fifth the 
aniount of powder used.] 

Underground Haulage. — Iron crou-ties and longitudinal iron 
sleepers have been used for surface and underground tracks with good 
results, costing but little more than wood, being more durable, and 
demanding less work to keep the track in good condition. 

Electrie Railway. — In the Senfienberg mine, in the Brandenburg 
district, an attempt was made to introduce a dynamo-electric locomo- 
tive for underground haulage. On account of the low teii)])erature of 
the air in the gangways, it was found impossible to keep the middle 
iron rails free enough from snow and ice to maintain electric connec- 
tions, and the experiment was therefore unsuccessful. When the rait 
was in good contlition a useful effect of forty-seven per cent, was ob- 
tained. 
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Self-acting Incline with Endless Chain. — In the Ziewald section of 

the government coal mine Kbiiig at SaarbrUcken, a plane has been 
constnicted which is worked by the endless-chain system. This system 
was adopted on account of the length of the incHne, about one-third 
of a mile long, and the slight di]) of the coal seam, four degrees only 
(or about seven feet in one hundred). At the upper end of the ]>lane 
the chain passes around a horizontal brake-wheel, with screw-and- 
lever brake of English design. At ihe lower end is a tightening- wheel 
to keep the chain taut. The chain weighs about five and a half 
pounds per yard, and has a breaking strength of three and three- 
ibuTths tons. The links are about two and one-half inches long and 
of half-inch iron. The cars are run under the chains, one at a time, 
at intervals of fifteen metres, and fastened to the chain by forks, at- 
tached lo the upper edge of the car-body. In order to secure the regular 
placing of the cars, a bent lever is inserted in a slot cut in one rail at fif- 
teen metres from the landing. One end of this iever projects slightly 
above the surface of the track, being held in that position by a spring. 
The other end is attached to a bell-wire. The car passing over this 
arrangement rings the bell and gives the lander the signal to attach 
another car to the chain. The chain is thus supported on a line of 
cars, the loaded cars on one track, and empty cars, attached in like 
manner at the bottom of the plane, on the other. The speed of the 
chain is regulated by the brake at the top. The plane has been in 
operation since July, 1880, and at the time of writing, the mine not 
having been fully developed, 500 wagons, or 150 tons of coal, are low- 
ered per shift at a speed of about two feet per second. When b^ the 
further dsvelopment of the mine, the full capacity of the plane is de- 
manded, it is proposed that the velocity shall be one metre per second, 
or four wagons per minute. The capacity of the plane will (hen be 
850 Ions per eight-hour shift. 

The force of men required is six " hitchers-on " ami one brakeman. 
This force is necessary on account of there being a station at the 
middle of the plane. 

(To be continued.) 



Colorado Minerals. 

As but little has been pubhshed heretofore respecting the miner- 
alogy of Colorado, Dr. Malvern W. lies, '75, sends us the following 
list of some of the rarer Colorado minerals which have come under 
his notice. Dr. lies refers to the " I.ist of Colorado Minerals," by 
Dr. G. Alden Smith, as being the most complete yet published ; many 
of the following species, however, are omitted, and indeed, hi many 
cases, have not heretofore been known to occur in the State. 
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Specimens of mtndatite have recently been found by Dr. lies, at Red Cliff, Col. 
The mineral occurs as a warty excrescence upon a siliceous gangue, readily solu- 
ble in water, the solution having the characteristic alum taste. The salt was 
treated with water, boiled, filtered, and evaporated to crystalliiatlOD, and then 
analyzed, yielding the following result : 

Found. Tbeont. 

SO, 38.35 percent. 36.30 percent. 

A1,0, 14.66 " 11.70 " 

NaO 4-3S " 7«o " 

H,0 (Dif.) [43-64] " 4490 •* 



Pyromorphiti . — This mineral has been found in the Sliver Mine, Leadville, in 
handsome specimens. 

Tin. — Dr. Hillebrand has found traces of tin in a number of the Leadville ores; 
the bullion also shows some tin. 

Artenk.—\K is safe to say that most 
some arsenic. Very good specimi 
ing Star Mine. 

Malybdeaiie. — Specimens have been found on Upper California Gulch, near Lead- 
ville, and at Pitkin. 

AViKifMiniV;.— Specimens have been found at Gold Hill, Boulder Co.; also 'ia 
(iilpin. Park, and Lake Counties. A mill-run sample of one hundred pounds, 
from ore near Leadville, yielded seven per cent, bismuth. 

UrantHitt. — Prores.sor Fierce, of the Boston Colorado Works, hax discovered a 
wetl-delined vein of this mineral above Central City. 

Manganeif mintrali. — A number of the mines at Leadville contain a large per- 
centage of manganese, occurring as oxides. The amount has been found to 
vary from a trace to as high as forty-nine per cent, of the metal. Several of 
the mines have shipped lots, varyinji from titty to one hundred tons, which con- 
tain a greater percentage of manganese than iron. A large percentage has 
been noticed in certain lots from the Little Chief, little Pittsburgh, Glass Fen- 
dry, Silver Wave, Long and Derry Mine, the Henriett, and some others. 

Immediately above the city of Leadville, on the California Gulch, are immense 
quantities of manganese ore, valueless so far as lead and bilver are concerned, bat 
which Dr. lies thinks could be utilized in certain industries. As an illustration 
of a manganiferous ore, he cites the following analysis of a mill-run sample 
from the Long and Derry property : 

SiO, aS.30 per cent. 

Fe,0, 19.8s " 

Al,0, I.7S " 

Mn,0« 39. 10 " 

CaCO. 3-S7 " 

PbS 10.34 •■ 

99.91 " 

Dr. Ilea recently discovered a new manganese mineral, which has been partially 
dcKribed in the Mining Index of Denver, Col., from which we extract the 
following : 
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" The locality in which it U found i* Hall Valley, Park County, Colorado. The 

specimens in question were from the McDonnell properly, Middle Swan Creek, 
thirteen miles from Webster Station. The vein containing the same outCTopt 
above timber-line, and the apex ii covered with frozen mow. The gangue i* 
said to be about three hundred feet wide, and the surface rocks adjacent aie 
encrusted with the substance. There is a pure streak of this mineral, from two 
to eight inches in width. The developments consist of a tunnel, forty feel long, 
and a shaft, twentr-live feet in depth. In both of these opeuingx the presence 
of the white soluble substance is everywhere apparent. 
" An analysis of the mineral by Dr. lies ^ows the following composilioii ; 

Protoxide of iron 4.55 per cent. 

Oxide of line 5.63 " 

Sulphuric acid 35-^5 " 

Protoxide ofmaogtuieie ajro " 

Water 30.18 " 

Total 99.39 per cent. 

Fomula: (FeO.ZnO) S0, + 2 MnO.SO,+i2 H,0. 
" It is a white, friable mineral, with a bitter, astringent taite, readily soluble, even 
In cold water ; crystallizes in thickened prisms, belonging to the orthorhombic 
system. It is loosely adherent to a siliceous gangue, which was found lo con- 
tain iron sulphides and zbc sulphides ; also some silicate of zinc, and is thought 
to l>e a product resnlting from an oxidation of the above sulphides." 

The Mining Indix su^ests that tbii mineral receive the name of " lUiilf," wfaidi 

name Tub Quarterly hopes will be accepted by mineralogists. 

Capper. — At Aspen, Roaring Forks District, copper occurs as azurile and mala- 
chite, associated with liarile, which is very similar to the oecarrence of these 
minerals at Cheshire, Conn. The Miner Boy contains from three to seven per 
cent, metallic copper, in the form of azurile, nialachile, and chalcopyrile. The 
Little Johnny contains a much larger amount of copper in the form of carbo- 
nates. The ore from the Farwell Coaiolidation, in Independence Gulch, forty 
miles from Leadville, contains chalcopyrite ; the concentrates contain about 
three per cent, metallic copper. The iron-pyrlCes district, at Ward, Boulder 
County, contains handsome specimens oF dendritic copper. The Robinson ore 
contains chalcopyrite. The Dyer Lode contains the carbonates of copper. 

Pyrargyriti. — Antimonial silver occurs jn considerable quantities in the Columbia 
Mine and in the Big Pittsburgh. 

Of the commoner minerals. Dr. lies mentions the following : 

n several localities b Gua- 

Baritt. — This mineral is found in the R. E. Lee, Hibemia, Evening Star, Catalpa, 
Chrysolite, and other Leadville mines. Most of the Aspen and Montezuma 
ores also contain heavy spar. 

Fluorite. —This species is found at Hull Valley and in numerous other parts of the 

Slate. 

Orthncltue — This feldspar, generally in twin crystals, occurs in very great quanti- 
ties on Gregory Hill, Black Hawk. 

Olivitte. — This mineral has been found in moderately large quantities near PoDcha 
Springs. 

Cirtantt, anglaiti, tannarUli, ctrargyritc, limOHUc, lumalitr. kvg irau, caJciie, 
doiomitt, and other of the conuooner minerals are largely found throughout the 
State. 
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In addition to the above. Dr. lies briefly mentions the following 
artificial minerals which he has noticed in connection with lead smelt- 



[ , and Amiriian 

Artificial AHgleiilt. — This his been detected six feel above the dag l*p'hoU, u- 
tociated with chloro bromide of lead. Analysis showed (he pioduct to be pure 
sulphate of lead, with the exception of a small amount of iron and siiica. 

Manganat. — A beautiful rose-colored subtimate, found to be chiefly manganese and 
sulphur, hu been noticed, at very rare intervals, forminc on the exterior of the 
sectional water-jackets near the joints. 

Arieitie. — Globules of metallic arsenic have been noticed in the sli^. 

Sulphur, rafgar, lilkarge, mimuai, hopper-shaped crystals afgalttta, and finally 
ruitulfhidi 0/ Uad, have been found in the furnace- hangings. 

Mechanical ENCiNEBtttNG. 

Tests of Nonccnduding Materials. — Mr. Charles E. Emery, oi New 
York, has receiitly made some experiments upon relative non-con- 
rfuciivity, with reference to the needs of the companies who propose 
to furnish steam for heat and power through underground pipes. His 
apparatus consisted of a boiler, 12 feet long and 4 feet in diameter, 
with three lo-inch flues passing through it. Inside these flues were 
smaller tubes, through which the steam passed. The non-conductors 
surrounded the inner tubes, and water was ke|)t circulating around the 
flues in the outer shell. The results were shown by the amount of 
steam condensed in the inner tubes, care being taken to drain the 
steant-pipes before they reached the apparatus, and to supply dry 
steam from a draining-dnim just below the apparatus. Radiation was 
also reduced to a minimum. While the series contains some elabo- 
rate detail, which cannot be discussed here, the following results may 
be of interest. A layer of hair-felt, two inches thicic, gave the best re- 
sult, and, using equal thicknesses of the other materials, the following 
table gives the results in percentages : 

Material. Non-conductivity. 

Hair-felt 100. 

Mineral wool, No. 2 83.3 

" " " andtar 71.5 

Sawdust 68. 

Mineral wool, No. 1 67,6 

Charcoal 63,8 

Pine wood, across grain 55.3 

lyoani SS- 

(>as-works lime, slaked 48. 

Asbestos 36.3 

Coal ashes 34.5 

Fuel coke 27.7 

Air-space, a inches deep 13.6 
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The mixtuie of tar with the mineral wool is made to water-proof 
it. The tar is painted on the pipe, and volatilizes under heat and 
penetrates the wool. It will then no longer absorb moisture. The 
low result from air-space no doubt is due to the unimpeded circula- 
tion of the currents. Where they are stopped, much better results will 
follow. 

On the Use of Mineral Wool. — The writer has had occasion re- 
cently to inspect several long runs of pipe which were protected from 
radiation by mineral wool. The wool was tightly packed around the 
pipes, and was encased in a sheathing of galvanized iron. This sheath- 
ing was made in rings, and was put together like a stove-pipe, but 
with the ling-seams soldered. The hangers by which the pipes were 
suspended passed through the top of ihe she.ithing. Parts of the runs 
were within doors, but a part in the open air was protected from the 
weather only by a platform over the sills from which the pipes were 
hung. It was possible, therefore, for rain and snow to beat in upon 
the sheathing, and to find iheir way through the hanger-vents to the 
mineral wool within. Melting snow was the worst enemy, for its at- 
tacks were more persistent. The sheathing was just warm to the 
touch, and rain dried up rapidly. The pressure in the pipes was about 
sixty pounds. But the greatest difficulty was caused by the tendency 
of moisture within the sheathing to travel a considerable distance from 
where it entered. The presence of moisture, with finely divided slag 
containing lime, favors corrosion and external pitting of the pipes; 
the water collects in pockets in the sheathing, and, if vaporized by the 
heat, finds diflicuhy in reaching a vent. In one of these pockets the 
water could be squeezed copiously from the wool, from which the heat 
had not been able to expel it on account of the situation of the 
jxicket. The pipe at that point will have to be renewed, so great is 
the conosion. It was the suggestion of the writer to cut the sheath- 
ing into sections of twelve feet or so, and to unite the sections at the 
breaks by " bandages " of galvanized iron, formed into a ring by light 
bolts through flanges at the longitudinal joint. This longitudinal seam 
should be slightly open, so that any travelling moisture could find a 
ready vent, and not pass from section to section. The continuous 
sheath is obviously unwise, and varying qualities of mineral wool may 
make it dangerous. Acidity or alkalinity of the wool will cause cor- 
rosion when aided by heat and moisture. 

The writer has also had occasion to criticise a non-conducting 
cement made of asbestos and hair, mixed to a paste with plaster and 
mortar. Although put on in a layer one and one-half inch thick, the 
exterior of the lagging is too warm to be economical. It cracks un- 
pleasantly sometimes, but does not seem to attack the metal when 
kept dry. 

A very good non-conductor was put forward last year. It is the 
furze from the head of the swamp " cat-tail." With a conductivity 
about as low as hair-felt, it is without the drawbacks of the latter of 
odor and decay, ft \& too recent to give quantitative results upon it 
as yet. F. R. H. 
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For the last few weeks the School of Mines post-office— or rather 
the shelves and bullet in -boards which serve that purpose — -have been 
loaded with packages bearing the official stamp of the Treasury De- 
partment, and addressed to students of the higher classes in the 
School, these packages containing copies of the annual report of the 
Director of the Mint. This exceedingly valuable publication is sent 
free of charge to all who make application, by letter or otherwise, to 
Horatio C. Burchard, Director of the Mint, Washington, D. C. 

Mr. Wiixiah Pistor, E.M. (S. of M., '68), who has been so 
long connected with the School as Instructor in Drawing, and to 
whom we are indebted for much of the efficiency of the present admi- 
rable system of instruction in free-hand and mechanical drawing, has 
resigned his position in the School, in order to be able to devote his 
whole time to his profession. Mr. Fistor is now a member of the 
firm of Hamilton & Pistor, Architects, at No. 35 Hroad Street, of this 
city. 

Mr, a, D, Churchill, E.M, (S. of M,, '80), has received the ap- 
pointment of Instructor in Drawing, in the place of Mr. Pistor, having 
for some time past held the position of Assistant Mr. J. t- Green- 
leaf, C.E., of the same class, is now Assistant in Drawing, taking the 
position left vacant by the promotion of Mr. Churchill. We are con- 
fident that under the direction of Messrs. Churchill and Greenleaf, 
the work of the department will be as systematic and the instruction 
as thorough as heretofore. 

Columbia College has recently had a most important addition to 
its endowment in the shape of a bequest from the late Stephen Whit- 
ney Fhcenix, of a sum variously reported at $500,000, $600,000, and 
upward We understand however, that one or two members of the 
family of Mr. Phcenix have the use of the income from this money dur- 
ing their lifetime, so that the college does not at once profit by the 
bequesL Mr. Fhcenix, we are informed, attached no conditions to his 
gift, but expressed a wish that a portion of the money should be 
expended in the fitting up of a new and well-equipped laboratory for 
the Department of Physics. 

I'he total valuation of the property belonging to Columbia College, 
including the old and present sites and the Botanic Garden property, 
amounts, according to a report just finished, to $6,089,000, from 
which an income of $332,133 is derived. It is not generally known 
or appreciated, however, how recent has been the prosperity of the 
college. Up to 1865, the valuable up-town property, the "Botanic 
GarJen," presented by the State in 1814, was a constant source of ex- 
pense, it having been estimated that it has cost in taxes, a 
interest, and other itemii, a round half-million of dollars. 
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For many years the revenues of the college were absurdly inade- 
quate for its needs. From the years 1850-55, the revenue of the col- 
lege applicable to paying salaries and running expenses was not more 
than $25,000, and one year it fell below $21,000. 1866 was the first 
year in which a deficit had not to be made up by mortgaging the col- 
lege's property or appealing to the generosity of the college's rich 
patrons. A debt was thus accumulated, for the interest upon which 
the college paid in 1862 more than $13,000. In 1862, the income 
was about $70,000, chiefly derived from the down-town property, and 
the deficit for the year was $4,314. Since 1866, the work of the col- 
lege has widened in proportion with its income, so that there has not 
been so large a surplus, nor has the college been so enormously rich 
as is sometimes supposed. 

The history of the Botanic Garden tract, to which Columbia owes its 
present wealth, is sufficiently curious. In 1 768, a medical school had 
been founded in connection with the college, and about the beginning 
of the century the State of New York, being appealed to for aid on 
behalf of the Medical School, decided to buy the Botanic Garden of a 
certain Mr. Hoosac, whose hobby was botany, and present it to the Med- 
ical School, upon condition that the school would keep the garden in re- 
pair and distribute botanical specimens. Xhe Medical School took 
the gift, but found before long that it had a white elephant on its 
hands, which cost money and returned nothing, and as the prospect 
of being able to sell or rent the land was not encouraging, the school 
asked the State to take it back again, and was glad to have the ofler 
accepted. The State had the Botanic Garden on its hands for a num- 
ber of years, and when Columbia College asked for something in 
exchange for the 24,000 acres granted by the State of New York in 
1767, but afterward found to be in Vermont, the State "jumped" at 
the chance of giving to the college its Botanic Garden, and the college 
accepted. Thiswas in.1814. 

For the next forty years the Botanic Garden was a constant source 
of expense to Columbia College. When the city's growth reached the 
Botanic Garden, and streets were cut through it, it was found that 
the property included the blocks bounded by Forty-seventh and 
F"ifty-first Streets and Fifth and Sixih Avenues. The Sixth Avenue 
front, however, does not belong to the college. In 1863, the trustees 
received an offer from the Collegiate Dutch Reformed Church of 
$80,000 for sixteen lots, including eight lots facing Fifth Avenue, be- 
tween Forty-eighth and Forty ninth Streets, and four lots on each of 
those streets. The offer was accepted, and when President Barnard 
was elected President, in 1864, the trustees had under discussion a 
request on the part of the church trustees to cancel the contract. 
The college trustees refused to annul it, and the result was that, 
before the church trustees had erected a building on half of iheir 
plot, they had been enabled to sell the remaining half for $134,000, 
thus getting their ground for nothing and $54,000 besides. In i36o, 
there was only one house on the college plot — that built by the late 
Dr. Ward, who was much criticised for erecting so handsome a house 
" miles out of town." It is related that one day, when Dr. Ward was 
looking at the building going up, some one asked him, " What fool was 
putting up a palace in the wilderness?" In 1865, the site of the aid 
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Botanic Garden, which hnd been so long a burden to the college, 
began to be much sought after, and was judiciously leased. The 
property down-town, which was leased in 1857, when the college 
moved to its present site, also became extremely valuable, and a sur- 
plus grew rapidly, which soon wiped out the debt which had been 
accnmulating for a number of years. — From a report of an iulervieia 
with President Barnard : Evening Pest, December 7, 1881. 

The Summer Class in Mechanical Engineering of i88r. — 
Under the very able direction of Mr. V. R. Hutton, the summer class 
in mechanical engineering held its fourth annual session, extending 
over a period of four weeks from May 30 to June 25, 1881. Before 
relating the experience of the class, a few words about the objects of 
the course will not be amiss. These are three in number. First, to 
teach the student that knowledge of the processes of the machine-shop 
without which he cannot intelligently design pieces of machinery or 
other iron-work which, in his practice as an engineer, he may be called 
upon to construct. If ignorant of these processes, he will be apt to 
make designs costing more than others answering the same purposes 
designed by his rival, who possesses this information. To have 
this knowledge of when and how economy of construction can be 
iccured, is, therefore, an imporiant factor in the success of a young 
engineer. It will also enable him to estimate the approximate cost 
of work, and to judge of the advisability of accepting or proposing 
certain contracts. Secondly, to give him a general knowledge of the 
construction and management of a machine-shop, so that he himself 
shall know how to build and superintend one. To construct a 
shop he must be acquainted with the styles of buildings employed, 
their foundations, and the thicknesses of walls adapted to ditferent |)ur- 
poses ; he must know the kind and number of machines necessary to 
do certain classes of work, the amount of space required by each ma- 
chine, and also the most advantageous arrangement. That he may 
superintend a shop, he must be able to distinguish between good anri 
bad work, and he must know how much time is required and how many 
men are necessary for doing a given amount of work. 

Thirdly, and not less important than either of the other objects, 
the class is designed to teach the student a systematic plan of investi- 
gation. By this means, when entering a machine-shop, he will know 
what to look for and where to look for it. Having gained a knowU 
edge of what is common practice, he will be able to direct his atten- 
tion to those devices which are new to him, and which may have some 
advantage over practice elsewhere. The course also forms a prelimi- 
nary lo the discussion of theoretical kinematics, during the third year, 
those who attend it knowing at once the practical application of many 
of the principles deduced. 

These are briefly the objects of the summer school, and to attain 
these, the pioneer class of volunteers, consisting of thirteen men, under 
Mr. Hutton, entered the shops in June, 1878, From the start the 
class was successful ; it was immediately legalized by the trustees, and 
similar classes have been formed each year. To say that all these 
qualities are attained by the student in four weeks would be vain, and 
would cast a slur upon the engineer's profession. Still, the amount of 
information which can be obtained by faithful workers, when properly 
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directed, is almost in credible. At the close of the summer v 
an illustrated memoir is required from each student, and to examine 
these will convince any one of the great benefit derived from the 
school.' One of the main features of the school, and one which cer- 
tainly has done a great deal toward bringing about its success, is the 
fact that it is entirely ojitional. Those most interested in the study 
of engineering will always lake the course, and the summer class will 
thus be made up of earnest workers, whose work will not be obsiructed 
or delayed by those who have little or no wish to learn. Of course 
we do not mean that all those who do not lake the course are not 
studious, for it often happens that men who are anxiouii to join are 
prevented from doing so by circumstances. On the contrary, if the 
course were obligatory, some would attend who, by the disturbance 
and annoyance they would create, would soon put an end lo the 
aid and co-operation of the proprietors of shopsj without which the 
school cannot csist. We hope, therefore, that this course will be con- 
tinued as optional, and that other practical courses will be added, 
as this combination of the study of theory and practice cannot but in- 
crease the reputation of the school and the usefulness of its graduates. 

To come back to last summer's class. The works visited were, as 
in previous years, the Quintard, the Morgan, and the Delamater Iron 
Works, and to the proprietors, superintendents, and workmen, the class 
is greatly indebted for their courtesy and assistance. There were in 
all twenty students in attendance, representing the " student element " 
of '83. They were divided into two squads, of ten each, and these 
again into pairs, working independently of each other. During the 
first two weeks one squad was at Quintard's and the other at Morgan's; 
during the (hird they exchanged quarters. While at these works, Mr. 
Hutton would s]>end the forenoon with one squad and the afternoon 
with the other, delivering to each a lecture in some convenient nook. 
These lectures embraced a general discussion of the whole subject, and 
also directed the attention of the students to what was good and what 
was bad practice, and to that which it was particularly important to 
observe. The students, provided with printed copies of an exhaustive 
and systematic outline of study prepared by Mr. Hutton, then 
scattered, each pair taking sketches and notes of whatever they deemed 
important. At noon an hour was devoted to lunch and, at the same 
time, to the asking of questions and to discussions on what had been 
seen. The afternoon was spent in the same manner as the morning. 
During the fourth week both squads were at Delamater's, and on the 
25th of June the class separated, everybody seeming to be thoroughly 
satisfied with the manner in which he had spent the first four weeks of 
his vacation. The memoirs handed in this fall were quite voluminous 
as compared with those of previous years. The drawings especially 
were in many cases executed with a neatness and regard for accuracy 
of detail which showed, in a striking manner, the value of the thorough 
training in free-hand and mechanical drawing during the first and 
second years of the school course. 

In conclusion, we would suggest that, in addition to the memoirs 
required upon the whole subject, each student should be requested to 
investigate and write a short memoir upon some special subject as- 
signed to him, as, for example, "Shafting," including pulleys, gear- 
wheels, belts, etc.; "Foundations for Cranes and Steaui Hammers," 
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" Boilers," " Blowers," etc. These could be read before meetings of 
the class, or before the Engineering Society. They could not fail to 
be very instructive, and wouid amiily repay students for the time spent 
upon them. Should this plan be carried out, The Quartkrlv will 
print any of such papers which may be worihy of preservation in per- 



BOOKS ADDED TO THE SCHOOL OF MINES LIBRARY 
SINCE OCTOBER, 18S1. 

MINING AND MECHANICAL ENGINEERING. 

BuT«t, A. £pnration de la Houillc; 4(0, 13 pp. Paris, tSSi. 

Berg- nbd HiittenmanDisches Jahrbuch der K. K. Bergakademien za Leoben und 
Pribram nod d«r Koniglich ongaciKhea BergakadcmU za, Schemmtz, 8vo. 
Wien, 

Edwards, Emoiy. Hodem American Marine Engines, Builers, and Screw Propel- 
lers. 4I0, 146 pp. 30 Plates, 

Mlcbtgan. Annnal Review of the Iron Mining and other Industries of the Upper 
Peninsula of Michigan. A. P. Swineford. izmo, 177 pp. 1S81. 

Annual Report of the Commisiioner of Mineral Statistics of the State of 

Michigan for 1879. Svo, 18 pp. Hap. 18S1. 

Fenntylvania. Reports of the Inspector of Mines of Anthracite Coal Regions, 

1870, 1871, 187a, 1877. 

GEOLOGY AND NATURAL HISTORY. 
Annals and Magazine of Natural History. Vol. 7. London. 1881. 
Bert, Paul. Prcmiires notions de Zoologie. tamo. 329 pp. Paris, 1S81. 
Brt^niart, Adolph. Recherche sor les Grainet Fossiles SiliciGto. 4(0, 93 pp. 

Paris, iSSt. 
Caswell, J. H. Microscopic Petrography of the Black HiUs of Dakota. 410, 

56 pp. Washington, 1876. 
Emerton, James H. Life on the Sea-shore. Svo, 143 pp. Salem, 18S0. 
Habirsbaw, Frederick. Catalogue of the Diatomacex. 
Rerve;, A. B. Sea Mosses. 8vo, 381 pp. Boston, 18S1. 

Meonier, Stanislaus Premiire notions de Geologic iipio, ijSpp. Paris, 1881. 
Packard, A. S., Jr. Zodlogy. 810, 719 pp. New Yorii, 1880. 

■ Guide to the Studj of Insects. 8va, 715 pp. New York, 1880. 
Reinscb, Paulas Friedri<^ Neue unteisuchusgen iiber die Mikrostruktur der 

Steinkohle det Carbon, der D^as und Trias. 4to, 134 pp. Lripzig, 18S1. 
Renault, M. B. Conrs de Botanique Fossile. Svo, i8s ppu Paris, 1881. 
Sachsse, Dr. Robert. Phytochemische Untersuchuugen. Svo, 119 pp. Leipzig, 

iSSo. 
Semper, Karl. The Natural Conditions of Existence as they Affect Animal Life; 

Svo, 471 pp. London, iSSl. 
Shaler, N. S., and W. M. Davis. Gladers. 4to, 196 pp. Boston, 1S81. 
U. S. Geological Survey. First Annual Report. By Clarence King, Director. 

Svo, 79 pp. Washington, 1S80. 

Geology of The Black Hills of Dakota. '_ 4ID, 566 pp. and Atlas. Wash- 
ington, 1880. 

II 
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U. S. GeoBraphical and Geological Survey of the Territories : Idaho and Wyoming. 
By F. V. Hayden. Eleventh Annual Report. Svo, 73a pp. Washington, 
1879- 

U. S. Geobgical and Geographical Snney of the Rock; Mountains Region. Ge- 
ology of the High Platcans of Utah. 4to, 307 pp. Washington, 18S0. 

CHEMISTRY AND PHYSICS. 

Arendt, Dr. Rudolph. Tecbnlk der Experimental Chemie. 8vo. Leipzig. 

Annstrong, Heniy E. Introduction to the Study of O^anic Chemistry, f imo, 
349 pp. New Vork, iSSa 

Cristiani, R. S. A Technical TrcAlUe on Soap and Candles. 8vo, 581 pp. 
Philadelphia, iSSl. 

Sawyer, Willixm Edward. Electric Lighting by Incandescence, and its Applica- 
tion to Interior Illumination, 8vo, 185 pp. New York, 18S1. 

Tucker, John H. A Manual of Sugar Analysis. 8vo, 353 pp. New York, 1881. 

METALLURGY. 

Jeans, J. S. Steel : its History, Manufacture, Properties, and Uses. Svo, S60 pp. 

London, 18S0. 
Randal, J. B. Production and Price of Quicksilver for Thirty-one Years. San 

Frandsco, l88t. 
Reiser, Fridotin. Das H^ten des Stahles in Theorie nnd Praxis. Svo, 136 pp. 

Leipzig, 1 88 1. 
Stegman, H. Gaafeuerung und Gasfifen, Svo, a66 pp. Berlin, 1881. 

TRANSACTIONS. 

Berliner Aitronomisches Jahrbuch liir 1S83, mit Ephemeriden der Plineten, 1S81. 

Svo, 50S pp. Berlin. 
Monthly Notices of the Royal Astronomical Society. Vol. 41. London, 18S1, 

Serial. 
Proceedings of the U. S. Naval Institute. Vok. 1 to 5. Annapolis, 1875-80. 

MISCELLANEOUS. 

Buck, Albert H. A Treatise on H^ene and Public Health. 3 vols. 8vo. 

New York, 1879. 
Illinois Industrial University. Tenth Report of the Board of Trustees. Svo, z6i 

pp. Springfield, 18S1. 
Petroff, Ivan. Population and Resources of Alaska, Svo, 86 pp. 
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OWEN FREDERICK OLMSTEAD. 
We regret to learn, from the Secretary of the Class of '78, of 
the recent death of Owen Frederick Oltustead, at Albany, N. Y. A 
student of marked ability, and a man of rare promise, he was only 
prevented by ill health from rising to the front ranks of his chosen 
profession. Attacked with lung-trouble, he for some time struggled 
manfully against bodily weakness and pursued his studies at the 
school, completing the course, and receiving the degree of Civil, En- 
gineer. After graduating, he was compelled to seek health and 
strength in a more congenial climate, and on this account decided to 
abandon for the time the idea of jiractising his profession, and to ac- 
cept a favorable opening near Cheyenne, Wyoming Territory, where, 
up to a short time before his death, he was engaged on a ranch, in 
stock-raising and agricultural work. Most favorable reports of im- 
proved health and increase of fortune have lately been received from 
him, and the news of his death was a surprise and shock, for which 
we were little prepared. His death, we understand, was due to con- 
sumption. A faithful, earnest student and friend, Mr, Ohnstead will 
be missed by his classmates and all others who knew him. 



The annual reunion of the Alumni Association of the School of 
Mines will take place on Thursday, December 29th, at the Westmin- 
ster Hotel, corner of Sixteenth Street and Irving Place. It has been 
usual, heretofore, to celebrate the annual reunion in the early part of 
January, but, in order to accommodate graduates of the school who are 
obliged to return to their work at points distant from New York City, 
the date fixed for the dinner has been changed to December by the 
Board of Managers. We learn from the Resident Secretary, as we go 
lo press, that this change has been productive of good results, there 
being every prospect of a large attendance and successful celebration. 

A FRESH supply of the Mining Engineering pins has just been re- 
ceived, and graduates can now obtain these badges by application to 
Professor Munroe, the member of the committee having charge of the 
same. The new Civil F.ngioeering badge is in the hands of Dr. Hut- 
ton, and can be seen, and, we believe, ordered, from him. The design 
is neat and appropriate, and well carried out by the jeweller to whom 
was eotrusted the making of the badge. 
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George B. Hanna, RM. ('68), has contributed an exceedingly 
valuable paper on the mines of North and South Carolina and Georgia, 
to the Report of the Director of the Mint just issued. We hope to be 
able to publish extracts from this report in the next number of The 
Qi;arterlv. 

William Allen Smith, E.M. ('68), Manager of the Weldon Min- 
ing Co., has now an ofhce in the new "Post Building," No. i6 Ex- 
change Place, New York City, and proposes to make the examination 
and development of iron properties his special work, in which spe- 
cially his practical experience in New Jersey and eisewheie will be of 
great value. 

Eben E. Olcott, E.M. ('74), is, we learn, at present in I,as 
Delicias, Sonora, Mexico, as Superintendent of the St. Helena Gold 
Mine. 

Spencer B. Newberry, E.M., Ph.D. ('78), has returned from Ger- 
many, and is now, we learn, Assistant in Chemistry to Professor Cald- 
well, in the new Agricultural Department of Cornell University. 

W. R S. Reed, E.M. ('79), is engaged at or near Elizabethtown, 
Hardin Co., Ky., on the work of locatcon of the E. L. & B. S. R. R. 
He is anxious to know what the other members of '79 are doing. 

F. T. Aschman, Pb.B. ('81), is now Chemist to the Wheder Iron 
Co., Pa. He" writes as follows, under date of December 3, 1881 : 
" Have just got to work, and think I shall make out all right. The 
laboratory here is very complete and nice, much more so than I ex- 
pected, and since I am entirely my own 'boss,' I am very well satis- 
fied. The work consists principally of analysis of iron ores, lime- 
stones, pig- and wrought-iron." 

Chandler D. Starr, C.E. ('81), one of the original promoters 
of The Quarterly, and during the first year its Editor-in-Chief, 
is now Resident Engineer on the E, R, R, R., with headquarters 
at Falls Mills, Tazewell Co., Va.' Mr. Starr has had quite a valuable 
and varied experience since he left the school. On graduating, 
he accepted a position as transit-man on the N. Y., 0. & W. R. R., 
in which capacity he served with credit till August, when the surveys 
of his division were completed. His present position in Virginia 
being offered at that time, he accepted it at once, preferring not to 
wait for a vacancy on the staff of the New York road, though he was 
assured that he should have the first that occurred. The first three 
months of his engagement in Virginia he occupied the position of 
transit-man, much of the time in charge of the party and locating the 
line ; and when the construction of the road was begun, he was pro- 
moted to the position of Resident Engineer. He has now charge of 
the construction of over eleven miles of line, with seventeen bridges, 
and hopes for an extra mile or so, which will put two tunnels under 
his superintendence. 
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We note that the Tombstone Mill and Mining Co., John A. 
Church, E.M. ('67), Superintendent, has just declared another dividend 
of (50,000; also the Chrysolite Silver Mining Co., Chas, M. Rolker, 
E.M. ^75), Superintendent, amine a year ago supposed to be ex- 
hausted, a dividend of $100,000, furnishing tangible evidences of the 
sort most appreciated of the value of School of Mines graduates. 

The "School of Mines Register" for 1881-82 has j list appeared. 
The names of the following graduates of the School appear in the list 
of officers: Munroe, '69; Waller, '70; Kicketts, '71; Colton, '73; 
Rees, '75; Wells, '75; Hutton, '76; Britton, '79 ; Beebe, 'So; Church- 
ill, '80 ; Greenleaf, '80 ; Torrey, '80. 

The following men are also at the school as private assistants to 
professors or instructors: Colby, '77; Mackintosh, '77 ; Hathaway, 
'79; HoI!ick,'79; Wiechraann, '81. 

The following are talcing post-graduate courses of study : Neftel, 
'79 ; Braschi, '81 ; Leary, '81 ; and Williams, '81. 

The number of students now in the school is 267, one man having 
joined the second class since we printed the last number of The 
Quarterly. 

The American Chemical Society have just chosen their officers for 
1882. The following graduates and former students of the school are 
inchided in the ticket elected : E. Waller, '70, as one of the Vice- 
Presidents ; T. O'Connor Sloane, '72, Treasurer ; W. Rupp, as one of 
the Curators ; A. R. I^doux, on the Committee on Papers and Pub- 
lications ; Arthur H. Elliott, '81, and A. P. Hallock, '80, on the Com- 
mittee on Nominations ; and P. de P. Ricketts, '71, on the Board of 
Directors, 

The following additional coirections to the graduate lists published 
in the last volume of The Quarterly have been received. In the 
next number we shall print the revised list in full, and would, there- 
fore, request all interested to send at once their own present address, 
or any other corrections which should be made, to the Resident Sec- 
retary of the Alumni Association. 

1S68— George Hampton Coursen, E.M., C.E., CBte G. H. Coursen, 307 Green- 
wich Street, New York City. 

1868— William Pistor,E.M,, Huniltouft Pistor, uchilects, 35 Broad Street, rooms 
23 & 24; addreia, an West Foriy-fourth Street, New York City. 

186S— Willi&m Allen Smith, E.M., Miniog Engineer, Post Buildiog, 16 Excliange 
Place, New York City ; address, Dover, N. J. 

1870— Smart Undsley, E.M., care N. G. Litidsley, Orange, N. J. 

1870— Theodore F. Van Wagenen, E.M., General Manager Twin Lakes Con- 
solidated Placer Mining Co., Leodville, Colorado. 

■87a— Thomas O'Connor Sloane, A. H., E.H., Ph.D., 119 Pearl Street, Hanover 
Square, New York City, 

1874— Eben Enkine Olcott, E.M., SuperinteDdent St. Heleiia Gold Mine, Las 
Celicias, Sonora, Mexico. 

1875— PbUip Charles Ptister, E.M., 1254 Forsyth Street, New York City. 

1876 — Nattianiel Wright Lord, E,M., Profeuor of Engineering and Metallurgy, 
Ohio State UniverMty, Columba*, Ohio. 
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1876— Frederkk FurneaK Hunt, E.M., C.E., The Hiuchuu Mining and Smelling 

Co., Pel ton, Arizoiu. 
1S78— Willud Parker Butler,-E.M., care Maitland, Phetpi & Co., 33 Exchauee 

Place, New York City. 
1S7S— William Henry Smeaton, C.E., E.M., Mount Vemon, WettchestetCoontj, 

N.Y. 
1878— Gouvemeur William Morrii, E.M., Myers, RuCherrord & Co., 58 Wall Street, 

New York. 
1878— Spencer Baird Newberry, t.M., Ph.D., Assistant in Cfaemistry, Cornell 

UniTersily, Ilhaca, N. V. 
1S78— Owen Frederick Olmstead, C.E., died at Albany, N. Y., November, r88i. 
1878— Richard A. Parker, C.E., 34^ West Forly-eiehth Street, New York City. 
1878 — Nelson Williams Perry, E.M., 13S Auburn Avenue, Cincinnati, O. 
1879 — George Spencer Eastwick, C.E., Manager Sugar Refinery, care A. Thom- 
son & Co., New Orleans, La., or care Havcmcycr & Eastwick, Jersey 

City, 
1879— Charles Arthur Hollick, Ph. B., School of Mines, New York City. 
1879— Theophilns Smith Mathis, E.M., U.S. Deputy Mineral Surveyor, Ouray, 

Ouray Co. , Colorado. 
1879 — George Fanshawe Miliiken, E.M,, Tucson, Ariiona. 
1879 — Otis Mortimer Munroe, Ph.B., Ironton, Iron Co., Missouri. 
1879— Knight Neftel, C.E., NeFtel & Churchill, Civil and Mining Engineers, 39 

Broadway, New York City. 
1879— WiUiam Bell Stephen Reed, E.M,, E. L. & B. S. R. R., Elizabethtown, 

Hardin Co., Ky. 
1880— Nathaniel Butler, E.M., New York, West Shore & Buffalo R. R,, 78 Car- 
ver Street, Boston, Mass. 
18S0— Robert Otto Francke, C.E., care D. O. Francke, Gothenburg, Swedea 
1880— Wilkins Updike Green, Ph.B., Mears' Chlorinalion Co., 434 Walnut Street, 

Philadelphia, Pa. 
18S0— Edward Henry Hudson, C.E., 54 East FiEty-third Street, New York City. 
iSSo— Charles August MdssDer, Ph.B., Chemist Briar Hill Iron & Coal Co., 

Youogitown, Ohio. 
1880— Frederick Augustus Potis, Jr., Ph.B., no Broadway, New York. 
1880— George Singer, E.M., Wilkinsburg, Alleghany Co.. Pa. 
18S0— Mauwell Smith, C.E., New York, West Shore & Buffalo R. R.; address. 

121 West Twenty-first Street, New York City. 
1881— F, T. Aschman, Ph.B., Cbemist Wheeler Iron Company, P. O. Box 191, 

West Middlesex, Mercer Co., Pa. 
1S81— H. VanF. Furman, E.M.. 16 East Twenty.third Street, New York City. 
1881— W. M. Meserole, C.E., New York, West Shore & Buffalo R. R.; address, 

590 Lorimer Street, Brooklyn, N. Y. 
l83l— W. T. Richmond, Ph.B., Chemist U, S. Geological Survey, Newport, R. I.; 

address, 30 West Sixty-first Street, New York City. 
1S81— Chandler D. Starr, C.E., Resident Engineer E. R. R, R. Co., Falls Mills, 

Taiewell Co., Va. 
1881— Hermann T. Vult<, Ph.B., Superintendent Columbia Chemical Works, 66 

Water Street, Brooklyn, N. Y. 
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THE PROGRESS OF THE METALLURGY OF GOLD 
AND SILVER IN THE UNITED STATES. 

{OmHnutd.) 
BY T. EGLESTON. Ph.D. 

Amalgamation whether in the barrel or the pan was first 
used only for ores that are now called free-milling — that is, 
which will amalgamate immediately with the mercury. But 
it became evident soon that there was a large amount of 
ore which would not amalgamate. It contained sulphur and 
other substances which either prevented the action of the mer- 
cury altogether or caused a great loss of it. Such ores were 
called rebellious, and at first were not used ; afterward they 
were roasted, the principal object of the roasting being not only 
to drive off the sulphur which was present, but by adding a little 
salt to convert the silver into chlorides which could be easily 
attacked by the mercury, which process was called the Reese 
River Process in distinction from the Washoe, which is the free- 
milling. 

Up to this time stamping had generally been done wet in 
order to avoid the losses occasioned by the dust, as there was 
no reason why in the Washoe process the wet ore should not be 
delivered to the pans as soon as it settled sufficiently to form 
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the "pulp," but with rebellious ores in regions where fuel was 
generally scarce, too much heat would have to be used in driv- 
ing out the moisture from the ore," and dry-stamping took the 
place of the wet. As the ore came from the mine damp, drying 
floors, made by running the flues of the roasting furnace back- 
wards and forwards under the iron plates covering the floors 
behind the stamps, were used, and the ore from the mine was 
spread out over these plates until it was dry. As there was 
nothing but the force of the blow from the stamp-head to deliver 
the ore from the screens, the operation was slower, and as no 
water current carried the ore away from the front of the stamps, 
endless chains were placed in the dust-tight boxes which enclosed 
the front of the mortar-screens, which delivered the crushed ore 
into bins in the roof of the works, whence it was delivered 
by spouts into the furnace. 

Every kind of furnace for roasting was invented and tried. 
These were usually some kind of reverberatory furnace, and were 
the subject of a large number of patents, and were altered and 
modified with more or less permanent success. Attempts 
were made to make the work wholly mechanical by the use of 
revolving cylinders into which the ore and salt were charged 
by machinery, in order to get rid of the difficult hand labor re- 
quired, and the necessary exposure to fumes in roasting in ordi- 
nary reverberatory furnaces, A few of these survive in the 
Bruckner' and Teates furnaces, but as a general thing the cost 
of repairs to these contrivances, and the necessity of more 
engine-power or of separate engines in the absence of machine- 
shops near at hand, increased the expense of working beyond 
the gain in diminished labor. 

On account of the large loss both in mercury and in silver 
which are carried off in the tails, mills* called tail-mills have 
been erected, where, notwithstanding the large loss in mercury 
which is known to exist in the treatment, there is a constant ' 
increase in the quantity of mercury, and very often a large yield 
in silver. These mills have no work to do unless the tails are 
accumulated by damming the valleys through which the tail- 
streams pass. When the accumulated tails have been treated, 
the mills have no further use, and very often the heavy freshets 
do the work first by sweeping the tails away. Sluices of great 

' "The Stamp Mills of QiXAnxvSA," EngimtHng, London, Eng., vol. 31, p. 614, 

' EngimeriHg, vol. 33, p. 575. 

' " Treatment of Tailings," Engiiucring, vol. 30, p. 395. 
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length and width have been put up, but their tails are still rich." 
Many machines have been invented for catching mercury and 
amalgam by making the tails pass over revolving blankets, rub- 
bers, revolving amalgamated plates, and many other contrivances, 
but they are not as yet successful in the commercial sense. 

When lead, copper, or zinc were present in the ores in any 
considerable quantity they became so rebellious that amalgama- 
tion was out of the question, and smelting, with its necessary 
adjunct of concentration, became necessary. As the dressed 
ores were rich and contained a large product condensed into a 
small one, and as this product was usually sold, sampling* works 
sprung up, in which the value of a lai^e quantity of ore was 
carefully ascertained by processes more or less mechanical, in 
which, as rapidity of execution as well as correctness of results 
were necessary, a number of tools for reducing the ore to pow- 
der now generally used were invented.' 

The first attempts at smelting, as they were usually con- 
ducted by persons of no great experience, were not very suc- 
cessful. In fact, the early history of the how very successful 
American methods is a record of failures. When the smelting 
of silver ores became a necessity, English methods were first 
introduced by the Cornish miners, only a few of the German and 
Swedish furnaces being used. "But as the English type of fur- 
nace requires a considerable amount of good fuel, of a kind not 
generally found in the West, and the use of wood in them re- 
quires great skill, shaft furnaces gradually took their place, for 
the most part for treating ores containing gold, copper, silver, 
and lead by smelting.' Some of the processes adopted from 
the old works in Europe found themselves in circumstances 
where the conditions of transportation, labor, or fuel were such 
that they could not compete with other districts, so that they 
gradually disappeared, and were succeeded by the same pro- 
cesses in a new dress or in a new phase to such an extent that 
the plant and the process as it is now used in the West would 
hardly be recognized by their inventors. Little by little it was 
ascertained that when the ore contained any volatile material, 
although it might be in small quantities, it would carry off with 
it very considerable portions of the precious metal ; and then 
arose the idea of condensing chambers, until gradually, without 

' Engitufring, vol. 30, p. 39s. ' Engineering, voL 23, p. 495. 

• Engineering, vol. as, p. 495, figs. 5 lo la. 

* TratistuHonj of tkt American Imliltile of Mining Engineert, vol. 4, p. 375. 



, <„, u .GoQt^lc 



t6o THE QUARTERLY. 

any one person having invented them, the methods have grown 
into the simple and very beautiful processes which are now in 
use in the West. 

At first the only fuel used was charcoal, and this, as wood 
was scarce, was sometimes made from dead or from float wood, 
or from woods too light for the purpose, so that it very often 
happened that the charcoal would crush by its own weight, and 
would not stand a charge in the furnace at all. It then became 
evident that the ores must have a comparatively high yield, and 
that as they usually had a gangue composed for the most part 
of silica, coke was necessary, and this, with from ten to twenty 
per cent of ash,' was imported from the East or from Europe at 
an expense in some of the works of forty dollars a ton. As it 
became evident that coke was the necessary fuel, it also became 
apparent that something must be done to reduce its cost, and 
also the cost of the refractory materials. Water-back furnaces 
were then introduced, which consisted of cast or sheet iron boxes 
riveted together, surrounding the hottest part or the whole of 
the furnace and cooled with water. These furnaces were for the 
most part open-breast furnaces with front hearths, and were 
continually getting out of order from the formation of sows and 
bears which occasionally stuck to the bottom or formed engoi^- 
ments in the furnace higher up. To avoid these the Ahrent's 
tap was invented, which keeps a \ay considerable quantity of 
lead on the hearth of the furnace at all times, and allows of the 
casting being done without interfering with the interior. In other 
works where copper is in large quantity the ores are smelted 
for copper, and the silver and gold concentrated in one of the 
products, from which it is separated in the wet way by the 
skilful adaptation of old processes.' 

It now became evident that there were considerable mechan- 
ical losses from the metal being carried up and out of the chim- 
ney, so that in some instances in Utah as much as ten or even 
fifteen or twenty per cent was carried off in this way. Attempts 
were then made to collect this material as is done in Europe in 
condensation chambers of lai^e size and extent, and several sys- 
tems of doing it have been invented. The simplest, the cheap> 
est, and the most recent of these is used at Mansfield Valley, 
near Pittsburgh, Pennsylvania,' and is an adaptation of the flue 

' Th« high perceDiage of asb \d the colce has in Mveral Insuncea auu«d the 
failure of works which with a suitable fuel might have been successfuL 
• Tratu. Amrr. Inst. Min. Mngi., voL 4, p. 876. 
' AnnaU N. Y. Acad. Sci., vol. 1, p. 106. 
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leading to the chimney by dividing it in two sections vertically. 
In the lower one of these, partitions eighteen inches high, placed 
four or five feet apart and one third of the height of the flue, 
catch the dust by gravity, and as there is no velocity below, it 
remains there. The gas circulates above. 

Generally the silver and the gold in a district where lead ores 
can be had, are concentrated in a pig lead improperly called 
" base bullion." In some few cases in the early days the Ger- 
man method of cupellation was used, but as this requires a 
maximum consumption of fuel, great skill, and a market for 
lithar|;e, it was quickly superseded by the English method, 
which requires less skill, makes no litharge for sale, but re- 
quired the poor lead to be concentrated into a rich one and 
that treated for gold and silver. The Patterson process by crys- 
tallization for enriching the lead previous to cupellation was 
never extensively used here, principally because at the time 
when there was a large amount of work to be done the process 
had already been superseded. The lead directly from the fur- 
- nace is now enriched by zinc desilverization,' and the rich lead 
cupelled in an English furnace. 

The history of this process is very peculiar. Invented in 
1842 by Karsten, it was declared a failure after a prolonged 
investigation by that very able metallurgist. It was reinvented 
by Crooks in 1858 in England, where it was not very successful, 
and was brought to this country as an English process. It was 
tried again at Tamowitz, in Silesia, and was more or less of a 
failure there, and was then reintroduced into this country, and 
so many improvements made in it that to-day the American 
modification of it has become the perfection of a process, and 
the furnace used a type furnace. 

In order to use the method of desilverization by zinc it is 
necessary that the lead should be very pure. To purify the 
lead small refining furnaces were used in Germany, containing 
two to three, and subsequently from five to six, tons each. 
But in this country one of the first improvements made was 
the softening or purification of the lead in a furnace con- 
taining from fifteen to twenty, and subsequently as high as 
twenty-six tons ; but as the hearth of such a furnace was diffi- 
cult of construction, it was simply made in a cast or wrought 
iron pan. This softened lead had to be discharged from the 
furnace, which was not an easy matter, and the late Mr, Steitz 

' AHuaU N. y. Acad. Sd., vol. a. p. 66. 
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invented a siphon' to do it, which seemed to be the perfec- 
tion of an instrument for this purpose. 

The refined lead is stirred with zinc, the zinc-scums carrying 
the silver with them are Hquated to separate the excess of lead, 
and the result is a very rich zinc alloy, containing a large amount 
of lead, which is granulated and distilled in retorts. The distil- 
lation in retorts promised at one time to wreck the process, as it 
had to be effected in small furnaces' surrounded by coke, and 
the number of retorts broken was large, notwithstanding the 
use of Steitz's siphon. Petroleum was then tried with great 
success lessening the breakage of the retorts due to the charging 
of the fuel and the poking of the fire. Subsequently Mr. Faber 
du Faur invented his tilting furnace, which allows of pouring 
the rich silver lead out of the retort without disturbing it, thus 
removing all the difficulty. The silver lead from which the zinc 
has been distilled is cupelled in an English furnace and cast 
into pigs. The lead from which the silver has been removed is 
refined in a furnace similar to the softening furnace, called a 
calciner. All the lead so refined is of the highest quality fit for ■ 
the manufacture of white lead. It is produced almost as a by- 
product, and at a low cost. 

The improvements in cupellation have been, first, the in- 
vention of the iron cupel surrounded by water, by the late Mr. 
Steitz, of St, Louis, upon which the lead could be brought up 
to fine silver, and the later invention of Mr. Enrich, of the 
Pennsylvania Lead Company, of going from the lead riches to 
silver 996 fine, on a hearth made of Portland cement, and casting 
directly from the cupel into silver bricks by a simple arrangement 
for tipping the cupel.* 

It sometimes happens that silver can be extracted from its 
ore in the wet way. There are three principal methods which 
have been used for this purpose. The first was introduced in 
1849 by a German named Augustine, and consists* in trans- 
forming the ore into chloride by roasting the ore to drive off 
the sulphur and other impurities, grinding the roasted ore and 
then roasting with salt to form chlorides; then dissolving out 
the chlorides with a saturated solution of salt, precipitating the 
silver with copper, compressing and melting the silver. It is 
usual to concentrate the silver into copper mattes for this pro- 

' Annab N. V. Acad. Set., vol. 3, plate 7, fig. 6 ; plat« g, fig. 10. 
* Ibid., p. g8. ■ Ibid., p. to8. 

' Trattt. Amer. Inst. Mitt. Engt., vol. 4, p. 295. 
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cess. Shortly after the invention of this process, another, much 
simpler, was invented by Ziervogel,' which consists in roasting 
mattes to produce sulphates, decomposing all these sulphates 
except that of silver, and then dissolving out the sulphate of 
silver with hot water. Simple as it appears, this process is exceed- 
ingly difficult to execute, for it requires a very high degree of 
skill to seize the exact moment when all the sulphates of the 
other metals are decomposed and none of the silver is. If the 
sulphates are not all decomposed the silver is precipitated by 
them ; if they are, there is danger that the silver sulphate also 
will be decomposed, and it will then be lost, as the oxide is not 
soluble. The practice, therefore, is to leave a little of the sul- 
phates of these metals undecomposed, as the loss in this case 
can be calculated beforehand, while no one can tell^what it will 
be in the case of too much roasting. As these residues are 
always rich, they are often treated by the Augustine process, the 
two being very advantageously used together in this country." 

In looking at the silver process as a whole and comparing 
the cost, we find that the relations between the relative cost and 
quantity of silver extracted were verj' interesting. 

RetaiiTO Relative 
Out, Loo. 

Amalgamation Z.2 %.Q 

Augustine proccM i.S 3.0 

ZicTTOgel " i.o i.o 

The Ziervogel process is, both as to cost and residues, twice 
as advantageous as the others. 

Still another process was invented in 1858 by an Austrian of 
the name of Von Patera, which consists in roasting, as in the 
Augustine process, leaching with hot water before roasting with 
salt in order to dissolve out any soluble salts, roasting with salt, 
then dissolving the chlorides with hyposulphite of soda, precipi- 
tating the silver with polysulphitc of sodium, and then reducing 
the sulphide of silver. This process is easily carried out, in that 
the reagents can readily be had, and that none of them are 
wasted ; but both the lixiviation and the precipitation require 
such nice distinctions and such an exact chemical knowledge 
that it has not been very successful. 

The bullion which is produced as the result of treatment 
of any of the ores usually contains some small quantity of the 
base metals besides the gold and silver. The gold from Cali- 

' Trtou. Amtr. Inst. Min. Engt., vol. 4, p. 245. ■ Ibid., p. 39S. 
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fornia generally contains about twelve per cent of silver, that 
from Australia four to six per cent. The amount varies from 
three per cent to about twenty-five per cent. The silver bullion 
often contains gold, as in the case of the Comstock, where 
one third of its value is gold ; and these metals must be sepa- 
rated in order that they may be alloyed to their proper stand- 
ards for commercial uses. Neither pure gold nor pure silver 
is of any use commercially except for electroplating; for all 
other purposes they would be much too soft. The process of 
separation is called parting. To effect this an alloy is made 
by melting, which usually contains ^hree parts of silver to one 
of gold. In a single instance in California this alloy is three 
of silver to two of gold. The formation of this alloy is called 
quartation or inquartation. It is granulated and subjected 
to one of three different processes; the silver is dissolved out 
by either nitric or sulphuric acid, and in both cases the 
residue not dissolved will be gold. The nitrate of silver 
siphoned off from this is diluted with water and precipitated 
with salt. The chloride of silver so formed is reduced to a 
metallic state with sulphuric acid and zinc, and the silver melted 
into bars whose fineness is stamped on them, and they are then 
used for commercial purposes. In the case of sulphuric acid, 
sulphate of silver is formed, which is diluted with hot water and 
precipitated as metallic silver by copper. The spongy silver is 
pressed into cakes by a hydraulic press and melted into bars. 
The gold is collected, melted, and run into bars. The nitric 
acid method has been generally abandoned, because it poisons 
the neighborhood with fumes. The sulphuric-acid process, which 
is a little cheaper, has taken its place, except in California, where 
a very beautiful method, invented by Mr. Gutzkow," has taken 
its place. This method, which is very ingenious, much quicker 
and gives better results than the others, was introduced in San 
Francisco in 1867. Most of the alloys are not granulated; they 
are inquartated and dissolved in sulphuric acid, in bars. The 
sulphate of silver is crystallized and a solution of sulphate of 
protoxide of iron rufl through it, which reduces the silver to a 
metallic state ; the iron solution becomes sulphate of sesquiox- 
ide of iron, and is restored to its original condition with fresh 
iron and used again. The silver is pressed and melted as before, 
and the gold from the pots treated in the same way. This pro- 

' BurcbMd, "Produaion of Gold and Silver." Wubtngtoa, lUi, p. 356. 
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cess is not only very simple, but is in a chemical way one of the 
most beautiful known. 

The amount of silver produced in the United States previous 
to 1858 was so insignificant that no statistics have been re- 
corded. In that year it was only $500,003; in i8S9 '* '"'^s only 
$100,000; in i860 it was $150,000; but in the following year, 
1861, the amount of silver began gradually to increase, until the 
year 1S70, when it was $16,000,000. The total amount produced 
in this decade from i860 to 1870 was $84,300,000, the lowest 
amount being $150,000, in i860. From 1870 to 1880 the amount 
of silver becomes a very considerable factor in the world's pro- 
duction of this metal, the highest amount being a little over 
$45,000,000, in iS78,andthelowest$i6,ooo,ooo, in iS70,the total 
production forthe decade being$374,922,26o. If these amounts 
of silver are added to the amounts of gold shown in the table, 
in the last number of the Quarterly, p. 80, it will be seen that 
for the decade from i860 to 1870, the highest production of 
precious metals was in 1869, $61,500,000, and the lowest was 
$43,700,000, in 1862, the total being $555,150,000. For the 
next decade, from 1870 to 1880, the highest production was in 
the year 1878, $96,487,745, and the lowest $66,000,000, in 1878. 
The largest amount of silver produced by any one State during 
the year 1880 was $17,000,000, obtained in Colorado, and the 
next largest $10,000,000, from Nevada. 
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1865 
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150,000 
a, 000,000 
4.500.000 
8.500,000 

11.250,000 
10,000,000 
13,500,000 
12,000,000 

13,000,000 


$50,500 
50,100 
46.150 
45,000 

43.700 
48,500 
57,100 
64,475 
63,500 
65,315 
60,000 
61.500 
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1S70. $16,000,000 

1871 83,000,000 

1873 ' 28,750.000 

1873 35.750.000 

■ 1874 37.324.594 

■B75 31.727,560 

1B76 : 38,783,016 

1877 39-793.573 

1878 45.281,385 

. 1879 40.812. 13a 

' 1880. 37.700,000 


$66,000,000 
66,500,000 

64.750,000 
71,750.000 
70,815,496 
65,195,415 

96,487.74s 
79,711.990 

73.700.000 



Such enormous productions of the precious metals have not 
been without their influence on the relative value of gold and 
silver in other countries. The United States is one of the largest 
producers of the precious metals, notwithstanding, as the statis- 
tics show, there has been a gradual falling oi? in the production 
of gold, and the highest limit of silver appears to have been in 
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the year 1878, since which time the decrease in the production 
of the Comstock has brought down the production of silver 
from its maximum in 1878, nearly $8,000,000, and it seems likely 
that this decrease will continue. 

The amount of gold consumed in the United States for 
purposes of art and ornament during the year 1880 was lai^r 
than for several previous years. The following table from the 
Report of the Director of the Mint, which is a mine of informa- 
tion for those interested in the production and distribution of 
the precious metals, gives the returns of the New York Assay 
Office for that year: 

Bars Manufactured.' 







1 Gold. 


SilTer. 


Total. 


From United Statesco 


n (defaced). ■ . ■ 


■■■| ^*4.9^9 


3.863:136 

144,99a 

$4,360,390 


$5.9" 

332.890 

l,zS6,o33 

6.851,548 

S39.863 

$9,016,334 


" bullion 




...[ 1.007,400 






"'."} iw't;. 


Total 




...| $4,655,844 



From the whole United States this amount is much larger ; 
but leaving out the foreign bullion altogether, the following table 
gives the estimate of the total gold and silver used in the whole 
United States for industrial purposes during the last year: 



Domealic bullion 

U. S. coin 

Plate, foteign bullioi 



Amount consumed $5,000,000 






The consumption of the precious metals for purposes of 
art and ornament has been the subject of estimates by many 
distinguished statisticians, but at the best can only be approxi- 
mated. In 1827 Humboldt placed it at 375,000 ounces, or one 
fifth of the world's production at that time. In 1822 Lowe es- 
timated it at two thirds. William Jacob estimated it at 988,000 
ounces, which was double the average annual production be- 
tween 1821 and 1830. Dr. Soetbecr, of Germany, gives the fol- 



' Report Director of the Mint, iSSo, p. 19. 
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lowing tables of the consumption of the precious metals for 
jewelry and other industrial purposes in the various countries of 
the world : ' 

Gold. 



Unlied Suies Ssg.oo 

Great Britain 703.O0 

France ' 739,00 

GcTinaay 5'8.od 

Switicrland 539,00 

Italy. ais.oo 

Russia io6,OG 

Other Countries 176,00 

Total ' 3,614,00 







Old Mtunlal 



cent 


,,,., 




' 2,646 
















r.iag 











16. 799-" 



Other estimates give the entire consumption of the precious 
metals in Europe and America (or industrial purposes in 1880 
as from $45,000,000 to (55,000,000 in gold, and from (25,000,000 
to $30,000,000 in silver. 

From 1831 to 1880 the estimated consumption of gold for 
industrial purposes was 73,000,000 ounces, or 32.6 per cent of 
that produced. For silver it was 51 1,000,000, or 25.2 per cent. 

Of the world's product of bullion it is estimated that one 
third is used up and lost in the wear and tear of coins and arti- 
cles made for use or ornament, one third is used for manufac- 
turing purposes, and one third goes to supply the increased de- 
mands of trade. The amount lost by the abrasion of coins is 
shown by the fact that the average life of an English sovereign 

' Ettgintering and Mining Jeuntal, vol. 33, p. 1S3. 
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is eighteen years, by which time the coin has lost three quarters 
of a grain and ts no longer legal tender. Dr. Soetbeer' states 
that the annual loss from this source in civilized countries 
reaches 28,000 ounces of gold and 1,600,000 ounces of silver. 

The following table ' shows the amount of gold and silver 
produced in the world in the years 1877, 1878 and 1879: 
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Dr. Soetbeer ' gives the totals as : 

1877. 1878, 1879. 

Gold. Silver. Gold. Silver. Gold. SUver. 

♦iai.S'*.o»* I9*,8SS,37* $m,oj8468 $104,116,608 1104,145,987 fica.aiQ.sii 

These tables show that the United States is by far the great- 
est producer of the precious metals, Russia being the only one 
which produces anything like as much gold, and Mexico the 
only one that approaches it in silver. 

The amount of precious ' metals sent to the East, the greater 
part of which goes to India, has been estimated by Dr. Soet- 
beer as : 

Gold, in Ouncei. SLver, id Ounces. 

1831-1840. 35,000 7,750,000 

1871-1880. 423.000 38,000,000 ■ 

1831-1880. 19,700,000 1,376,000,000 

In the period from 1871-1880, which is most reliable, the 
consumption of gold by this means was 47,000 ounces, and of 
silver 4,200,000 ounces. In India alone the imports in the last 
forty years have exceeded the exports of these metals by f4oo.- 
000,000, of which only $8,000,000 have been coined as money. 

' Ettgintepng and Mining Journal, vol. %%, p. l8j. 
' Report Director of the U. S, Mint, 1880, p, 159. 
■ Engituering and Afining Journal, ToL 33, p. 18a. ' Ibid., p. 183. 
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The amount of the precious metals hoarded or put out of 
circulation either as objects of art or ornament is becoming 
greater with every decade. It appears from the data given 
page 167 that the total annual consumption of the precious 
metals for purposes other than coinage is about 3,600/xo 
ounces of gold and 2l,O0O,OCX) of silver. It has been estimated 
that the entire amount of gold now in the world is only equal 
to that which has been produced in the last twenty-five years, 
and that of silver to that produced in the last eighty years. No 
one has as yet been able to satisfactorily explain what has be- 
come of all the rest of the precious metals. , 

Only an estimate can be made of their wear and tear, which 
is an irretrievable loss, either in the abrasion of coin or in 
the use of leaf or of the pure metals for plating purposes. Add 
to this the amount lost in lead, copper, and other metals, which 
do not contain enough of it to separate, and it is not a matter of 
surprise that, notwithstanding the enormous yearly increase, the 
estimate of the total amount supposed to exist in the world 
during any period is not perceptibly greater. 

In all the methods for the extraction of the precious metals 
there arc considerable losses. With the perfection of processes, 
the main object is to reduce them, or else to cheapen the labor 
of extracting the ores. These losses are greater than is usually 
supposed, because as a general rule systematic assays of the 
tails are not made. Yet it is known that the tails contain pre- 
cious metals, and they are sometimes re-worked with profit, 
especially those from the silver mines. An interesting investi- 
gation was made some years ago, the results of which are given 
below,' showing the great loss in some of the mills. 





Ykldof Ore 
IntbeHin. 




nTdta. 


Total 




Gold. 1 


Silver. 
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%\% 60 
18 60 
3 SO 
3 50 
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5 oa ; 
13 55 ; 
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*3I4 

6 3B 
33 30 


1883 
IS 07 
69 00 


Same Miliogi 350 ft. from mill. . . . 


Slime from end of alnice 310 ft. ioi« 





It was also found that water from the mills three fourths of 
a mile below them contained in suspension, as an average of 



' Report of the U. S. HiniD^ Commissioner, 1B73, p. 17. 
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twelve assays, $o.oi8 per gallon. There were in this locality 
576,000 gallons of this water flowing away in twenty-four hours, 
or a loss of $339.84. It was estimated that the annual loss of 
two mills working 250 days in the year was $84,960. From 
these and similar data the conclusion is drafvn, that the loss is 
between fifty and sixty per cent of the total yield of the ore. 

It is a matter of great interest to ascertain what the cause of 
these losses is, in order to learn how far they are capable of rem- 
edy. The first of these is undoubtedly a desire to get the largest 
possible output from the mill. This makes the ore too coarse to 
have all the gold and silver amalgamate, as part of it may not be 
released from the gangue. It would be much better to get the 
output by a more careful sizing of the ore, not forcing the stamp 
to do the work of a Blake's Crusher, and not sending to the 
mortars any ore fine enough to pass the screens. This is a 
matter of some importance, for it has been found with all kinds 
of stamps using screens, that it takes just as long to get crushed 
ore which has already passed the screens out of the mortar, as 
it does to crush and force it out. Too fine crushing is also 
quite as bad, for it produces " float," and is quite likely to put 
the precious metals in a condition in which they will not amal- 
gamate. 

Supposing that the losses which result from improper working 
do not exist, there are a few causes of loss which do not always 
amount to much, but which, in the early days, were a source of 
considerable loss. It has been found that any holes in the cast- 
ings of the stamps, pans, etc., will attract the amalgam, and that 
it will even be carried into holes deep in the interior of the piece. 
This was a source of profit in the early days to those who recov- 
ered the precious metals when the worn out castings were melted. 
Another loss may be in cleaning the plates by taking off the 
amalgam too thoroughly. It is a well-known fact that new 
plates do not act as readily as old ones ; the difference is so 
great, that when the mills can afford it, new plates are coated 
with gold or silver amalgam. Gold and silver will go much 
quicker to amalgam than to mercury. Too slow a current of 
water will keep the surface of the plates covered with a film 
of sand ; a too rapid current will prevent the gold from being 
caught. If the gold is attached to a piece of the gangue rock 
which is relatively lai^e, the specific gravity may be so re- 
duced as to prevent the particles from coming in contact with 
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the mercury. If the blankets are left too long without wash- 
ing, so that the hairs become charged, the fine particles of gold 
are lost. If all these causes of loss are avoided, there are still 
others. For if the mercury is not kept clean or made so by chem- 
icals, the "quick," having an extremely thin film upon it, does 
not act upon the gold or silver. Exactly the same effect is pro- 
duced to a small extent when the rock is soapy, as is the case with 
some of the magnesian and aluminous rocks. If there are too 
few amalgamating machines, if the sluices are too short, there is 
also a loss. A very important source of loss is the Bouring of 
the mercury from too rapid motion, or from the too free use of 
chemicals. In such cases steam may be used, if it is live steam 
fresh from the boiler, which prevents flouring by the expansion 
of the globules. If steam from the engine is used as a matter 
of economy, it often increases the toss, as very minute particles 
of grease are always carried off with it, which coat the mercury. 
The cause of the lossts on the concentrates has already been 
discussed. 



DETERMINATION OF HEATING SURFACE RE- 
QUIRED IN VENTILATING FLUES. 

Bv Prof. W. P. Trowbridge. 

The proper ventilation of a room requires the frequent re- 
moval of the vitiated air and the introduction of fresh air, the 
quantities by weight of the air ejected and the air introduced 
being equal. If the process be continuous and the proper 
amount of air be admitted and removed every hour, or min- 
ute, the only other requirements are that the entering air shall 
be pure, that it shall be properly warmed in cold weather 
either before it enters the room or by the mixture of warm 
and cold air in the room, and that the introduction and re- 
moval of air shall take place by gentle or inappreciable currents 
distributed in such a manner that the pure air may be thoroughly 
diffused throughout the room before it is removed. 

These simple rules are easily stated and comprehended. It 
is also well understood that the movement of air requires force 
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in proportion to the mass moved and the velocity which is im> 
parted to it. The problems which arise in ventilation consist 
mainly in determining the position, arrangement, and size of 
the passage through which the air enters and leaves the space 
ventilated, and the adaptation to the passages or flues of the 
force or forces which produce the movement of the air. On 
the solution of these problems, too often misapplied or misun- 
derstood, successful ventilation depends. 

The various means of producing the movement of the air 
are 

1st. Fans or blowers, requiring the use of machinery in driv- 
ing them. 

2d. Ventilating chimneys, in which the movement of the air 
is caused by the difference in weight between the column of 
hot air in the flue and the cooler air outside. This requires 
necessarily that the air in the flue shall be warmer than that 
outside, and the necessary heat must be imparted to the air 
before it enters the flue. 

3d. The movement of the air may be produced by steam jets 
in the flue, the particles of steam issuing at a high velocity, 
carrying with them particles of air and thus producing a dimi- 
nution of pressure below the jet and a consequent movement. 

The steam jet method is seldom used, the ventilating flues 
being generally employed. The most common application of 
the latter is the ordinary ventilating flue of dwelling houses. 
In this case reliance is usually placed upon the heated air of the 
room, which, finding its way into the flue, forms a vertical 
column lighter than the outer air and having a height equal 
to the height of the flues. An upward movement in the flue 
is thus produced. 

The laws of the movement, involving the height of the flues, 
the temperature of the air in the room, the temperature of the 
outer air, and the velocity of the upward current, may in this 
case be theoretically determined ; and from such a determina- 
tion, taking into account the frictional resistances, the area of 
the cross-section of a flue for the dischai^e of a given weight of 
air may be ascertained. Analytical investigations of this char- 
acter are seldom made except by experts, and for ordinary dwel- 
ling houses the whole system is generally a haphazard construc- 
tion in which the errors are quite certain to fall on the side of 
inefficient ventilation. Moreover the system cannot operate 
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during those periods of the year in which the temperature 
of the outer air is the same or nearly the same as that of the 
room. During these seasons some other means must be re- 
sorted to in order to warm the air before it enters the vertical 
ventilating flues. The system is inefficient also, except with 
very large flues, owing to the slight difference, even in ordi- 
nary cold weather, between the temperature of the air in the 
room and that of the air outside. 

For very active ventilation, therefore, with such flues as 
may ordinarily be constructed, the air must be heated ; and 
this may be done by several methods : 

1st. By a stove at the base of the flue, the stove-chimney 
passing up through the flue. 

2d, By gas-jets burning at the base. 

3d. By coils of steam-pipes in a chamber at the base of the 
flue. 

All of these processes require careful analysis in their ap- 
plication, and may, to a certain extent, be subjected to such an 
analysis. The object of this paper is to investigate the laws 
which govern the ventilation when the air is heated by means of 
coils of steam-pipe, before it enters the flue. These laws have 
not heretofore been developed, and as this system of ventilation 
is a very simple one, capable of extended application, it is 
hoped that the following analysis may at least lead to a full 
discussion of the subject. 

Let it be supposed that the air in the room is to be renewed 
at the rate of W pounds per second. The volume of this quan- 
tity of air can easily be determined when its temperature is 
given. Suppose also that it is to' be ejected through a verti- 
cal flue whose cross-section is A and whose height is H, and 
that it is to be heated by steam-coils at the base of the flue, 
having a total exterior surface equal to S. 
The following notation will be used ; 
W = weight of air discharged per second. 
//= height of flue. 
5= the exterior surface of steam-coil. 
A = area of cross-section of flue. 
7"o = the absolute temperature of the external air, i.e., the 

common temperature Fahrenheit + 459,4°. 
7'e= the absolute temperature of the air in the flue. 
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T, =■ the temperature of the steam in the coils. 

Da = the weight of a cubic foot of the external air. 

D^_ = the weight of a cubic foot of the air in the flue. 

V = the theoretical velocity of the air in the flue. 

V= its actual velocity when frictional resistances are taken 

into account, 
r = the rate in units of heat per hour, for each square foot 
of the surface Ji, at which the air receives heat from the 
. coil, and for each degree of difference between the tem- 
perature of the steam and the air of the room. 
Ar= a coefficient of velocity, such that KV := V. 
p =■ the unbalanced upward pressure at the base of the flue 
due to the difference between D, and Z?c, or due to the 
difference in weight between the two volumes of the 
height //within and outside of the flue. 
The pressure per square foot, /, will then be represented 
by the equation, 

p=HD^- HD, or p=H{D^-D:^ (i) 
This pressure may be represented by the weight of a column 
of the heated air, represented by 

D,- \-i>r) (2) 

The velocity with which the air would flow through the flue 
if there were no resistances would be determined by the ex- 
pression. 

But, from the Marcotte-Gay Lussac law for air. 
Substituting this value o{£>^ in equation (3), there results 



= V 2sH\ 



'7;-r.\ 



(4) 



In this expression the theoretical velocity is expressed in terms 
of the absolute temperatures of the air within and without the 
flue, and the height of the flue. 
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From (4) we obtain 

-"•-^—^'iu- ^- (5) 

The quantity of heat transferred to the air on its passage 
through or among the steam-pipes may be represented by 

Q=WC{T^-T^ (6) 

in which (7= •238, the specific heat of air at constant pressure. 
All of the above formulas are welt known; the following are 
believed to be new : 

The quantity of heat imparted per second to the air by the 
steam-pipes may be represented by the total exterior surface 
of the steam-pipes {S) expressed in square feet, multiplied by 
the rate per second and per square foot at which heat is trans- 
ferred to the air, or 

Sr(T.-T,) _ 
3600 -^ 
and from the nature of the problem we must have 



-^S^^-^CiT.-T.) 




(8) 
Combining this equation with equation (5), we have 

WCy.-i6atr^gH ' 

36CX) 
This expression gives the total heating surface of the steam- 
pipes in terms of the velocity, the height of the flue, the 
weight of air discharged per second, and the absolute tempera- 
ture of the external air. 

If we substitute for V its value KV, the expression be- 
comes 



2£H( 



3600 / 
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and since V\s the actual velocity, we have 
H'=A VA 

K' V X D,CT^A 

A being the area or cross-section of the flue. Equations 
(lo) and (l I) represent the laws connecting the heating surface 
with the height of the chimney, the area of the flue, and the 
temperature of the external air. They show that the heating 
surface is directly proportional to the cube of the velocity, to 
the area of the flue, and to the temperature of the external air, 
and inversely proportional to the height of the chimney and 
the rate of transfer of the heat, r, or r {T,— T^. 

To illustrate the practical use of the formula, let it be pro- 
posed to renew the air of a room containing 50,000 cubic feet 
four times in an hour, through a flue whose cross-section A = 
12 square feet, the height {ff) being 50 feet. Required the 
number of square feet in the surface of the coil, the steam 
within the coil being maintained at 50 pounds pressure. Sup- 
pose, further, that the temperature of the air, before it enters 
the flue, is 6d° F., the same as that of the outside air. 

The weight of a cubic foot of air at 60° F. , or {D,^, is found 

as follows : The weight of a cubic foot of air at 32° F., and 

atmospheric pressure being known, viz., 0.0808 pound, the 

weight at 60° F. will be 

T 
Da = 0.0808 Y 

Tg being the absolute temperature corresponding to 32° F. (or 
32° -h 459.4° =491.4°), and To being equal to 60" -J- 459.4° = 
519-4°, 

«^^''^^ 0.0764 lbs. 

and the weight of 50,000 cubic feet at 60° F. will be 
50000 X 0.0764 = 3820 lbs. 
As four times this weight is to pass through the flue in one 
hour, we have 

3,820 X 4= 15280 lbs per hour; 
or 254.67 lbs. per minute ; 
or 4.244 lbs per second. 
.-. ff=4.244lbs. 
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We also have 

C ~ 0.238 

For the value of r to be used in the formula, an average of 
the results of the experiments made by Mr, C. B. Richards, at 
the Colt's Arms Co. at Hartford, may be taken for ordinary 
forms of heaters, it being understood that this value is assumed 
to be nearly correct, although the quantity (r) was found to 
vary in proportion to the quantity of air passing through the 
heater in a given time. Assuming the value of (r) to be 2.5 
units of heat per hour per square foot of surface, and for each 
degree difference of temperature between the steam in the coil 
and the air of the room, there results for the value of r per 
second, 

3600 ;■ "' 

With steam at 50 pounds, 

7; - 7; = 281° - 60" = 221° F. 



' 3600 ^ ' "' 3600 

All the quantities in equation (lO) are now known for this 
problem, except K^V. If we assume a velocity V, and also 
a correct value of .^, the resultant value of 5 should be such 
as to give this velocity. Assuming V=y feet per second, 
and AT = 4, the value of K' V* will be 16 x 49=784. 

In regard to the value o{ K, Peclct found in the ordinary 
boiler chimney of manufacturing establishments, for heights of 
10, 20, and 30 metres, F' equal respectively to 5.6!^, 6V, 
and 6.3 V. It may also be demonstrated that if the resistances 
were due to friction alone, the loss of velocity in a simple rec- 
tangular flue, so feet high and 12 square feet cross-section, 
would be such that V would be about twice V, or V'= 2 V. 

The interposition of the coil of pipe through which the air 
passes increases the resistance beyond that of the simple flue, 
but it cannot be so great as that developed in passing through 
the grate, flues, and chimney of a steam-boiler. 

I have taken for this example V'=4V, i.e., the actual 
velocity equal only to one-fourth of the theoretical, which will 
at least throw the error, if there be any, on the side of excess 
in the value of 5". 



^dovGoot^lc 



178 



THE QUARTERLY. 



We may now recapitulate the value of the quantities in 
equation (lo) as determined for this problem. 
K'' r'=;84. 
r(T,~T^_ 



3600 
W=4.244. 
C =0.238. 
7;=Si9-4' 



=0.153. 



2gH. 



3600 



=835 square feet. 



It now remains to ascertain what temperature and density 

the air in the flue will have. 

The quantity of heat expended per second will be : 

'' HT—T) 

■S~gQQ— - = -5x0.153 = 835x0.153 = 127.755 units. Per 

minute it will be 7,665.30, and per hour, 459,918 units. 
To find the flue temperature (7|,) we have 
Q= WC{ n- 7;) 



or r,= 



^+frC7;_i27.755 + i.oi X5I9-4 



=645 -9°. correspond- 



WC 1. 01 

ing to a thermometric temperature of 645.9—459.4=181 
This is the temperature of the air in the flue. Its dei 
will be _ 



Z>,=o.o8o8 



645-9 



645-9" 



=0.0761 lbs, per cubic foot. 



With a velocity of 7 feet per second there will be ejected 
through the flue of 12 square feet area, 302400 cubic feet, or 
302400x0.0761 = 23004.64 pounds per hour. 

This is in excess of the requirement, which was Only 
15280 pounds per hour. 

If we assume a velocity of 5 feet per second, the discharge 
of heated air will be I2x 5x 36oo=2i6ooociibic feet per hour. 
The- resistance to the flow will be diminished nearly in pro- 
portion to the square of the velocities, and we shall have 
A'*F'=9X25 = 22S. The value of r will also be somewhat 

T— T 
diminished, and may be taken as 2, so that r ~'^ — ^=0.123. 

225 X 4.244 X 0.238 X 5 19.4_ 



. S=-^ 



64.4x50x0.123 



3600 
= 297. square feet. 
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The heat expended per second will be 297 x .123=36.53 
units per second, 2191.8 per minute, 131508. per hour. 

36.S3 + ..°.xS.9.4 ^ . . 
1.01 ^^■' ^ ^ 



49i.4_ 

ssTs" 

The theoretical velocity in the last case will be 



i?,=o.o8o8 X ||r^ = .07 1 9. 



V= r 2P-X 50 ( 555— S'9^ \^,g fg^j p^r ggj.o„d . 
\ 519.4 / 
i.e., three times the actual velocity, which was assumed to be 
5 feet. 

The weight of air discharged will be 216000x0,0719= 
• S530 pounds, per hour, only slightly in excess of the quantity 
required, which was 15280 pounds. 

It will be seen that the quantity K', the coefficient of the 
square of the velocity, and in regard to which the most uncer- 
tainty exists, has an important influence on the quantity S. 
It seems probable that a value of K between 3 and 4, or of A"' 
between 9 and 16, will answer for all ordinary cases, and that 
a value of r between 2 and 2.5 will be approximately near 
enough. The smaller values correspond to low velocities 
and large Hues, and the larger values to high velocities and 
smaller flues. 

If the value of Kbe assumed as S feet per second, and that 
of A" as 3, or K* as g, then by combining the constants in 
equation (lO) we may write approximately, 
WT„ 

^="'°°- //(y-.-7;) 

and for the area of the cross-section of the flue or flues for a 
given discharge ( W) we have 



in which V^ the velocity, is S feet per second, 

These last equationij are suggested as working formulae 
under ordinary circumstances. Further experiments are de- 
sirable for ascertaining the values of A" and r under ordinary 
conditions of the problem ; still the formulae, while only ap- 
proximately correct, exhibit the laws which control the move- 
ments of the air. 

To compare this method of ventilation with that by means 
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of a fan or blower, let it be supposed, as found in the last ex- 
ample, that the heating surface required is, in round numbers, 
300 square feet. The quantity of heat transferred per second 
would be 300x0.123 (nearly), or about 36.9 units of heat ; per 
hour, i32S40units. If we estimate in round numbers about lioo 
units to raise the temperature of water from 60° and evaporate 
it at 281'^, corresponding to $0 pounds pressure, we shall have 
132840_ 

1 100 

amount of heat. Estimating one-horse power per hour at 40 
pounds of water evaporated under the same conditions, the 
heat expended for ventilation would furnish in an engine about 
three-horse power. 

Compared with the estimates of the horse power required 
for a Sturtevant blower to produce the same effect, the steam- 
coils are more economical than the blowers. There seems to 
be no doubt that steam-coils properly devised and adapted to 
chimneys or flues will give more efficient ventilation than the 
blower, for less cost of construction and maintenance. 

A more extended discussion of this subject might be given, 
especially with reference to the constants in the equations ; 
but the object of this paper is merely to open the discussion 
of the subject and to point out the correct method of treating 
the problem. 

The arrangement of the steam-pipes in such a manner that 
the greatest amount of heat will be transferred to the air with 
the least resistance to its motion, is a matter of importance. It 
is desirable, if possible, to place these pipes within the flues, 
and it is a difficult matter to introduce the requisite amount of 
heating surface, if dependence is placed solely on the direct 
contact of the air with the steam-pipes. 

The following plan is suggested for overcoming the difficulty. 
It has not, as far as I am aware, been heretofore practised. 
Vertical pipes, which are to contain live steam^ are introduced 
into the flue, extending five, ten, or twelve feet upward in the 
flue. These are separated by sheet-iron diaphragms, which 
receive heat from the steam-pipes by direct radiation. 

The flue is thus divided into several smaller flues at its 
base, the whole surface of these smaller flues, as well as the 
walls of the main flue, acting as heating surface. Air does not 
receive heat by radiation, but, on the other hand, it does not 
obstruct the radiation of heat. 
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The figure below shows how a large amount of actual 
heating surface with a minimum amount of sleani-pipe may be 
introduced into the base of a flue. In this case the flue has a 
cross-section of eight square feet, and it contains eighteen 

CROSS-SECTION OF FLUE. 



vertical steam-pipes, each two inches in diameter and twelve 
feet long, the pipes being closed at the top with suitable air- 
valves. 

By means of the diaphragms shown, the actual heating sur- 
face with which the air comes in contact, is as follows : for 
each foot in height (of the 12 feet) of flue occupied by the pipes. 

For the steam pipes, -j"^ x 18=9 square feet. 

For the walls of the diaphragms, including the flue walls, 
2'.66x i8'.=::47'.88 square feet. 

Total per foot height 56,88 square feet. 

Total for twelve feet high 682.56 square feet. 

Thus, for a total exterior surface of steam-pipes of 108 
square feet, an actual efficient surface for heating the air is 
obtained of 682'. 56 square feet. 

This surface may not all be as efficient as the surface of the 
pipes, but when it is considered that steam-pipes can give off 
heat by radiation without losing very sensibly their efficiency 
of heating air by contact under the conditions here given, it is 
evident that the surplus surface obtained by the diaphragms 
ought to compensate for the diminution of active pipe surface. 
Experiments alone will determine this question, but there 
seems to be no scientific reason why the device should not be 
effective. 

In this case it will not be difficult to determine the co-effi- 
cient of velocity K by actual calculation from known data. 
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PLAN OF MECHANICAL TRANSPORTATION PROPOSED FOR THE 
BLOSSBURG MINE AT ARNOT, PENNA. 

Bv W. BARCLAY PARSONS, Jr. (*8i). 

About ten years ago the North of England Mining Insti- 
tute appointed a committee of engineers and coal-masters to 
fully investigate the subject of mechanical haulage of coal as 
at that time developed in the English collieries. After careful 
study the committee drew up an exhaustive and elaborate re- 
port, in which they classified the various systems into four 
groups, known as : 

L Tail-rope system. 

IL Endless-chain system. 

IIL Endless-rope system No. i. 

IV. Endless-rope system No, 2. 

It is not within the scope of the present article to discuss 
the differences and merits of the above systems further than 
simply an explanatory definition, and then to pass on to the 
description of what has been done in the way of mechanical 
haulage in the Blossburg district. 

The Tail-Rope. — This system is the only one of the fimr 
that requires but one track. The rope is not continuous, but 
is broken and the two ends are fitted with hooks that are fast- 
ened to the front and rear of the train to be drawn in or out. 
The rope passes around a large drum at the engine end, which 
of necessity has to run in both directions according as trains 
are passing in or out The peculiar excellence of this system 
is the ease of having stations and branch-lines worked by the 
one engine. 

Endless Chain. — In the endless chain we have two tracks, 
one for the outgoing and the other for the ingoing trains. 
Motion is imparted to them by an endless chain runningaround 
a large wheel at the engine, which always turns in the same 
direction. The chain lies on the top of the cars, connection 
being made by a fork on each car into which the chain drops 
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and catches. The cars are connected to the chain singly, and 
not in trains. 

Endless Rope.^ — In both the endless-rope systems, wire rope, 
as the name implies, is used as the means of giving locomo- 
tion. In system No. i, it, resting on rollers, passes under the 
trains that are connected to it by means of clamps or short 
chains. In No. 2 it passes over the cars like the endless chain, 
and is attached to them by short chains instead of forks. 

Following the English definitions, as given above, we will 
proceed directly to the description of the endless-rope system 
No. I of the Blossburg district, Tioga Co., Pa., and especially 
the proposed plans for the mine of the Blossburg Coal Com- 
pany at Arnot, as designed by S. B. Elliott, chief engineer of 
the company, and W. B. Parsons, Jr., assistant engineer. The 
principal collieries in this part of the country are located at 
Antrim, Fallbrook, Morris Run, and Arnot — the first three 
named being the property of the Fallbrook Coal Company, the 
latter of the Blossburg Company. The coal is semi-bitumi- 
nous, showing, on analysis, carbon varying from sixty-two per 
cent, to seventy-five per cent. Of these four mines mechani- 
cal haulage has been introduced into two, Antrim and Morris 
Run, and proposed for Arnot, as hereafter described. At An- 
trim it did not prove a success, and, consequently, was aban- 
doned some years ago, for the reason, the writer believes, of 
the many drifts leading into the mine, consequently the output, 
not being sufficiently concentrated in any one, did not warrant 
the expense. The coal is now drawn out by small locomotives. 

In the mine at Morris Run, under the skilful management 
of Mr. Nearing, engineer and superintendent, the introduction 
of the rope has been attended with greater success. Although 
several drifts are in operation, yet here there is a main one, 
2,270 feet in length, 16 feet wide, and perfectly straight, thus 
aflbrding a splendid opportunity for rope haulage. The 
method adopted was, as previously stated, that of endless-rope 
system No. i, where the rope passes under the trains. The 
rope is of steel, three-fourths of an inch in diameter, and of a 
single length of 2,280 feet. On coming from the mine it 
passes out on a trestle some 300 feet in length to the chutes. 
Power is supplied by two engines of 30-horse power each, 
which are run so as to give the rope a speed of about 500 feet 
per minute. The average grade is about 2J^ feet in 100, while 
the steepest is 4^ feet in 100 : this grade is " in-bye," so the 
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heavy trains have to be pulled up it. The distance between 
the branches of the rope is 8 feet. The driving wheel, or the 
one around which the rope passes in order to receive motion, 
is l6 feet in diameter, composed of wooden arms and iron rim, 
and is very similar, as are many other details, to those of the 
projected plans for the Blossburg mine, about to be described. 
As regards the expense, it can be stated that the average cost 
of haulage by mules is 8j^ cents per ton of coal, while with 
the endless rope, allowing for cost of rope 0.4 cent, for labor 
2,32 cents, for machinery and plant I cent, we have a cost of 
3.72 cents, thus showing a saving in favor of the endless rope 
of 4.78 cents per ton of coat. 

The fourth and largest colliery of the previously mentioned 
list is that of the Blossburg Coal Company at Arnot, for which 
full and complete designs for haulage by the endless-rope 
system No. i were drawn up during the last summer. 

This mine is the principal one of Tioga County, and on the 
property of the company there are two veins, the most impor- 
tant of which is known as the Bloss Vein, ranging in thickness 
from three to five feet. This vein has been worked through 
two drifts for about fifteen years, during which period a very 
large amount of coal has been removed. In fact, so far are" 
the breasts from the mouth, in many cases nearly two miles, that 
the old method of hauling out the material in trains of five cars 
drawn by mules has become too laborious and expensive, and 
the necessity of .resorting to mechanical means has become 
evident. Of the two drifts above referred to, known as Drift 
No. 2 and Drift No. 3, the former leads into a portion of the 
mine now almost ivorked out, while the latter serves as an 
entrance to a territory in which there is known to exist a large 
coal-field in addition to a considerable area still unexplored. 

The coal, as was said before, is semi-bituminous, lying for 
the most part on a bed of fire-clay, though in places on sand- 
rock, and is covered by a slate of considerable strength. 
Through the coal run " cleats" or "Joints," or, as they are 
termed by the miners, "slips," which have a bearing of 17° 
to the westward of north. So true do these cleats run that 
the principal drifts arc driven entirely without the aid of instru- 
ments by following their direction. By running the headings 
in this way, the working chambers are cut at right angles to 
the slip, thus facilitating the operations of mining the coal. 
Drift No. 3, the one for which these plans are proposed, enters 
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the side of the mountain with a bearing due north, and with a 
gradient just sufficient to give the water coming from the mine 
a motion outward, since the vein has a dip " out-bye." For 
the distance of 399.75 feet it keeps straight, and having encoun- 
tered quicksands in its construction, it is heavily timbered and 
lagged on the sides and top. Owing to the expense there was 
left but seven feet 
clear between the 
side timbers, thus al- 
lowing room for only 
one track and the side 
ditch. At the end of 
399-75 feet from the 
mouth the timberin 
stops, the drift turns 
to the left, and for 
the rest of its length 
follows the direction 
of the slip, which 
bears, as has been 
said, approximately 
:N. 17° W. After 
running 850 feet the 
drift is widened to 
an average width of 
about 15.5 feet; two 
tracks are laid down 
for the full and empty 
trains, and the roof 
of slate is supported 
by a row of timbers 
set down the centre. The accompanying outline map. Fig. i, 
explains more fully the foregoing and following details. 

From the main drift there are now in operation three 
diverging drifts which turn to the right to open up the coal- 
field in that direction, and are known in the miners' phrase- 
ology as No. 6, No. 15, and East Heading, They make an 
angle of 65" with the main drift, consequently their bearing 
is N. 48° E. The first of these. No, 6, turns away at a dis- 
tance of 2,457 feet frofn the inner end of the timbers, or 2,857 
feet from the drift's mouth. As the map shows. No. 6 is 2,600 
feet in length before it turns, having nearly reached the prop- 
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erty line, into a north heading, as the headings driven in the 
direction of the "slip" are termed. Between that point and 
where it leaves the main drift are five north headings. These 
headings are about 450 feet apart, and vary in length according 
to the time each has been worked. From the beginning of 
No. 6 to the point where No. 1 5 commences is about 2,2CX> 
feet. At the opening of No. 15 there is at present a heavy 
timber " brattice " across the main drift, for the purpose of 
regulating the proper current of air for ventilation. So the 
tracks, instead of continuing straight on, turn into 15 Heading. 
Thus the coal that passes through the main drift is that which 
is brought down through Headings 15 and 6 from their respec- 
tive north headings. The length of 15 is 4,ocx> feet, the first 
heading north starting at 800 feet from the junction of 15 and 
the main drift, besides which there are seven other north 
headings. It must be understood that such figures as these, 
which are always on the increase, viz., the number of north 
headings, etc., are based upon a survey made in July, l88r, 
and of course are not strictly correct now, for between the 
time of surveying and September, No. 15 has been pushed on 
far enough to allow another north heading to \x started. 
Continuing on with the main drift from the brattice at 15, a 
distance of 1,950 feet, we reach the East Heading. Practically 
this is a continuation, with a change of direction, of the main 
drift. Although it, the main drift, was driven straight on some 
200 feet, the quality of the coal had deteriorated so much as to 
lead to the abandonment of pushing it any farther. This East 
Heading is 2,500 feet in length, with three North Headings, the 
first starting at a distance of 1,400 feet from the main drift. 
The coal from the East Heading is at present conveyed down 
Drift No. 3 to the brattice at 15, thence by a diagonal heading, 
somewhat over a mile in length, to the mouth of Drift No, 2. 
That part of this diagonal heading where it turns away from 
the main drift is shown in the map. 

Such is Drift No. 3 underground. On the outside from its 
mouth there runs due south — that is to say, the continuation 
of its direction at the exit — a covered way 700 feet to the 
chutes, where the coal is dumped from the small mining cars 
into bins to be picked and cleaned, and thence loaded in large 
cars to be carried to the washer. 

We now have before us the general features of the engi- 
neering problem to be solved. For the next ten years a 
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very large amount of coal will be brought down from the head- 
ings described as East Heading, 15, and 6. This output can 
be estimated at a minimum of 800 tons per day. A rope even 
as far as 15 would have to be 6,000 feet in length, or 12,000 
feet of rope, and as that is. a long distance to operate, it imme- 
diately becomes a serious question whether there would be 
any economy or even possibility of continuing it on 2.000 feet 
farther to the East Heading, thus giving a total length of rope 
of 16,000 feet, or something over three miles. It certainly 
seems a far better plan to bring the East Heading coal down 
by mules to 15, and, having removed the brattice, to make 
the cars there up in trains and haul them out by the rope. 
This would have the additional advantage of obviating the ne- 
cessity of an extra station at 15. In the question of which of 
the four systems to adopt, although the tail-rope would offer 
great facilities for side stations and the use of auxiliary ropes 
in Nos. 6 and 15, thus saving mules there, yet the slowness of 
a single track, and the delaying of loaded trains for the passing 
in of empties, outweighed the advantages. Of the endless- 
rope system No. r, where the rope passes on rollers under 
the cars, and the endless chain and rope system No. 2, the 
former seemed the easiest to manage, and was accordingly 
adopted. 

Having determined on that, it next became necessary to 
make an accurate and complete survey from the inner end of the 
timbering at the curve to the brattice at 15, in order to locate 
the sides of the drift with respect to a straight line connecting 
these points, to see whether any cutting of the walls would be 
required for the laying of a straight double track. A traverse 
was run through the drift, commencing with the inner end of 
the timbers and stopping just short of 15 Heading ; from the 
data thus furnished a straight line was run, connecting a point 
in the last timber 4 feet 8 inches from lefl side wall with the 
centre point of the drift at ij Heading. This line, 4,534 feet 
in length, was permanently located by stations in the roof, 
200 feet apart, thus giving the centre line midway between the 
branches of the rope. At present the clear space between the 
side timbers is 7 feet 3 inches. To give plenty of room it 
would be necessary to take down the right or east side and set 
the timbers back so as to increase the distance to 9 feet 6 
inches. The reason for this increase will be seen farther on. 
For the first 200 feet the line lay wholly in the right-hand wall, 
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and then for the next 300 feet it is just clear of it, so for 500 
feet the right-hand wall would have to be cutback several feet. 
After that the drift is now much wider, and only cutting here 
and there in a few places would be necessary in order to give 
a minimum distance of 5 feet 9 inches on either side of the 
survey line. With these alterations the drift would be in 
shape to lay a straight double track 2 feet 2 inches gauge with 
8 feet between track centres except through the timbering, 
where it would be contracted to 4 feet 6 inches. This is in 
order to allow sufficient clearance, since the drift is here nar- 
rowed to 9 feet 6 inches. With cars 3 feet 6 inches wide this 
gives 1 foot between them and 9 inches clear between their 
sides and the timbers. This narrowed condition lasts for 
about 800 feet. 

On taking the levels of these survey stations the total 
rise of the drift between the timbers and No. 15 was found to 
be 82.65 f'^cti giving an average of i in 54-8. The sharpest 
incline is 74 feet previous to the termination of the survey line, 
where for 60 feet it is i foot in 9.6. The slightest is through 
the timbers, where there is only sufficient grade to give water 
a good flow. But as the vein is worked upward the dip is 
" out-bye," the reverse of the Morris Run Mine, thus acting in 
favor of the heavy trains. 

By referring once more to Fig. i it will be seen that from 
the drift mouth to the chutes is a distance of 700 feet, whifih 
is, as has been said, a covered way. For half its length it 
lies on the natural surface of the ground, while after that it 
rests on an embankment of " bony," or coal unfit to burn, 
having 33 per cent, ash. From the drift mouth to the rail- 
road is 650 feet, where the height of the bony fill is 23 feet, 
and it is here proposed to place the engine with the necessary 
driving-wheels and guide-pulleys. The bony is to be exca- 
vated to give sufficient room, while the wagon-wayand wheels 
are supported Dy suitable framework. The engine is a single- 
acting horizontal one, with a stroke of 18". The cylinder 
originally had an internal diameter of 12 inches, but has 
since been bored to 12^ inches. Taking an average steam- 
pressure of 60 lbs., with 120 revolutions per minute, we de- 
duce 25 as a value of its horse-power. The boiler is of the 
tubular type, being that of a 36-ton 6-foot gauge locomotive. 
To prevent the chance of fire being communicated to the 
bony, the boiler will be placed in a separate building at a dis- 
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tance irom the engine, while the steam is conducted under- 
ground in carefully covered pipes. 

The shaft, which is 6 inches in diameter, is to be placed 
with its length north and south, or parallel to the wagon-way, 
16 feet above it. Hence, the rope to pass around it has to 
bend from its horizontal position to the vertical. The wheel, 
shown in Plate i, around which it turns, is of considerable 
importance. In order to give a greater bearing-surface, to 
increase the friction, and also to prevent too rapid wear of the 
rope by a sharp bend, the effective diameter is taken at 16 
feet, i.e., the distance from centre to centre of the rope when 
in position. As is seen from the drawings, there are four parts, 
the rim, hub, tie-rods, and arms. The first, shown in section 
in Fig. 4, is cast in halves, the front and rear, each half being 
again subdivided into pieces forming arcs, subtending angles 
of 30° at the centre. The two sides are held together by 
\ inch bolts, in such a manner that the separate pieces break 
joints with each other. The rim is strengthened by a rein- 
forcement on each side. In Fig. 4 it is shown that the rope 
rests on wood, as does the rope in a very similar wheel at 
Morris Run ; but it is quite likely that hard rubber would be 
substituted in its place. It is usual in wheels of this descrip- 
tion to make the guide-arms that keep the rope in place of 
considerable length ; but in this case, inasmuch as the wheel 
will not revolve at a high rate of speed, and the rope is always 
kept in a state of tension, a length of ij inch from the centre 
of the rope was considered ample, thus giving an extreme 
diameter of 16 feet 3J inches. In order to give the rim sup- 
port at as many points as possible without increasing the 
weight, wooden arms were adopted instead of iron, and since 
the principal strain is one of compression, they answer very 
well. They have a thickness of 3 inches, a width at the top of 
4 inches, and at the exterior of the hub of S inches, and are 
twenty-four in number, being set at an angle of rs" to each 
other. To the rim they are fastened as shown in Fig. 4, 
being held by a {^-inch bolt to the projecting tongue. A rough 
calculation puts about 1,900 pounds of metal in the rim. The 
hub, shown in section in Fig. 3, has a length on the shaft of 
15 inches. The portion to which are attached the arms is a 
central disc \ inch thick, with a diameter of 3 feet 4 inches. 
Serving the double purpose of braces to the disc and parti- 
tions between the wooden arms are twenty-four ribs, each 3 
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inches thick and I inch wide, whose outer ends are on the cir- 
cumference of a circle with a diameter of 3 feet 10 inches. The 
arms, having a mortise cut into them, are slipped over this 
disc between the ribs. To withstand any strain arising from cen- 
trifugal force the twelve }-inch tie-rods arc introduced. Tliey 
are hool^ed into projecting eyes on the rim, while their other 
ends, passing through lips on the side of the hub (Fig 3), are 
secured by nuts. This is a simpler method of tightening than 
by turnbuckles. To keep the strain symmetrically distributed, 
tlie rods alternate on the sides of the hub. With a factor of 
safety of 3, each rod is capable of bearing 3i tons. The engine 
is connected with the shaft by gearing in such a way that, 
while the engine makes 120 revolutions, the shaft makes but 
14, thus giving the rope a speed of 8 miles an hour. 

As the driving-wheel has a diameter of 16 feet, and the dis- 
tance between the branches of the rope on the wagon-way is 

FRAMEWORK FOR DRIVINQ PUlLCi^ 




Fifl.«- 



8 feet, it is evident that the rope must wrap more than iSo". 
Letting it encircle 210° — that is, have the branches make an 
angle of 15° with the vertical — it is necessary to place the shaft 
16 feet below the plane where the horizontal distance between 
them is 8 feet. The guide-pulleys to effect the change of direc- 
tion are the ordinary wheels constructed for the purpose by 
Messrs. Roebling & Sons. They have a diameter of 8 feet, 
and of course must be inclined 1 5°. The timber-work for their 
support and that of the large driving-wheel is shown in Figs. 
5 and 6, end and side elevations. As the shaft is to be 16 feet 
below the wagon-way, and the extreme radius of the wheel 
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being 8 feet lj{ inches, the bottom of the wheel will be over 
24 feet below the wagon-way. But the height of the bony 
fill is only 23 feet, hence the wheel will be slightly below the 
ground. To accommodate it, an excavation 2 feet deep, i foot 
wide, and 10 feet 6 inches long is to be dug, the sides of which 
are to be protected with 2-inch |;lanl{ ; 6 inches from each 
side of this trench are laid the foundation-sills for the support 
of the driving-wheel. On the outside lies a long sill for the 
framing above. The three are held together by stout cross- 
ties. All the pieces, with the exception of the long stringers, 
which are I2 x24 inches, have a cross-section of 12 x 12 inches. 
The construction of the framework is best understood from an 
inspection of the illustrations. The ends of the long stringers 
and diagonals, whose length is in the direction of the thrust 
of the resultant strain on the guide-pulleys, which are shown 
in the side elevation, rest on timbers firmly embedded in the 
bony. The tops of the stringers where the journals of the 
guide-pulleys rest are bevelled off at an angle of 15°, to give 
the wheels the required inclination. WJiere timbers meet they 
are to be secured to each other by mortisc-and-tenon joints and 
stout dowels or pins. Through the string-pieces, on which the 
journals of the driving-wheel rest, the diagonals, and the lower 
sills, are inserted i-inch tie-rods, of which the heads and nuts 
press on plates of metal, to give a large bearing surface on the 
wood. They are to hold the pieces together more securely, 
and also to resist any upward motion of the string-piece arising 
from the tension of the rope on the wheel. 

Should it be decided to run the rope only as far as 1 5 head- 
ing, the turning-point of it will be placed about lOO feet be- 
yond the termination of the sur- 

Fig.7—TIQMTENINQ WHEEL ' .. .. ^ ■ 

f . - -— ^ vey line, or 5,034 feet from the 

J^"^"^" J"~T"-7 ' I drift-mouth, giving a total sin- 

gle length of rope of S,700 feet. 
The turning of the rope will be 
around a horizontal wheel 8 feet 
in diameter, and identical with the guide-pulleys at the otiier end 
of the line ; it will be held in a stout timber framework carriage, 
as shown in Fig. 7. These wheels are furnished by Messrs. 
Roebling & Sons at a cost of $125. In order to take in the 
slack arising from stretching, and to keep the rope at an even 
degree of tension, there are two methods : one to connect this 
carriage to a post by means of turnbuckleSj the other to keep 
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it in place by a counterpoise of sufficient weight, as can 6e 
understood from the same drawing. This method is by all 
means the simplest and the most convenient. A pit is dug in 
which hangs the weight. 

Messrs. Roebling & Sons estimated tliat a steel rope J^ 
inch in diameter would be sufficiently strong to bear the strain. 
Such rope would have a breaking strain of 15 tons and a work- 
ing strain of 5,000 pounds. The 
rope would rest on wooden rollers 
about 8 inches in diameter, set 50 
feet apart. 

We have now described the 
permanent way, with details of 
machinery, etc., and proceed to 
that of the cars and the manner 
of running the rope. The cars or 
tubs used in the mine arc like the 
ordinary small mining-car — Figs. 
8, 9, 10. They are adapted for a 
gauge of 2 feet 2 inches. Un- 
loaded, they weigh SSO pounds, 
and can carry a burden of i,200 
pounds. They arc fitted with the 
Davis patent wheel. Supposing 
the rope not to be carried farther 
than 15 heading, it will be seen, 
on referring to the map, that there 
will tlien be two stations or places 
where trains will have to be at- 
tached, viz., IS and 6 headings. 
In order to have the cars cross 
the rope, the simple arrangement of the switch shown in Fig. 
n is devised. The rail A is short and movable, being hinged 
at B, When the train is to pass along the main line, it is left 
in position as shown ; when, however, the train is to pass on 
to the switch, it lies as indicated by the dotted line. 

To give an account of the method of manipulating, we will 
suppose we have a loaded train at 15 Heading, of the full com- 
plement of cars, 30. They are linked together in the ordinary 
manner, and at each end of the train is attached a small car 
just large enough for a man to sit on. These are the men that 
have control of the train, and are called run-riders. It Is their 
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especial duty to couple the trains to the rope by means of a 
clamp. The clamp or clutch used in England is similar to a 
pair of tongs, quite large and clumsy. The one used at Morris 
has two circular wedges as the tightening power. In most 
mines there is need of but one connecting clamp, in front of 
the train, if the drift dips inward and the train has to be pulled 
out, or at the rear of the train in the reverse case. In the 
present instance, however, though the dip is outward, and at 
. the beginning at rj Heading is sufficient to run the trains at a 
rate considerably faster than 8 miles an hour, yet at the mouth 
it is not sufficient to overcome friction. On this account two 
clamps are necessary. 

To resume the explanation of managing trains : before the 
train can be attached the rope is stopped, the cars then being run 
out from the heading on to the main line. When the rear run- 
rider's car has passed over the rope, the clamp is attached, and 
the brakes that kept the cars from rinining down hill being re- 
leased, the train by its own weight stretches itself out to its 
whole length ; then the front ctamp is attached. All being in 
readiness, a signal by appropriate means is made fo the engi- 
neer in charge of the engine, who sets the rope in motion. In 
the meantime, at the engine end a train of empties has been 
made up and attached by a single clamp, to be drawn in as 
the full train comes out. After coming down the last steep 
hill in the mine, the rear clamp is disengaged to give the fore- 
most run-rider complete control. Just before the train reaches 
the guide-pulleys, the wagon-way is slightly raised so as to 
allow the train, on the clamp being unfastened, to pass away 
from the rope, and to run by the momentum imparted to it 50 
feet farther on to the chutes. In order to prevent an accident 
In case of failure to disengage the clamp, a block, connected 
by a wire with a brake on the gearing, is placed by the rope, 
against which the clamp would strike, and thus automatically 
stop the engine. 

In England the method of sending signals from the Inside 
to the engineer is by means of what is termed there a sound- 
ing-rod, which is simply a rod of iron, which, being struck, con- 
ducts the sound to the other end. But, on account of the 
length in this case, the use of electric bells is suggested. A 
copper wire could be laid along the roof, and at Headings 15 
and 6 the small pushbuttons could be attached to ring a bell 
in the engine-room. Besides these necessary ones, there might 
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be supplementary ones every 300 to 400 feet, to ring to stop 
the rope in case of accident to a train while in transit. Since 
leaving Arnot the writer has learned of a successful adoption 
of an electric system of signals at the Hazard collieries, near 
Liege, Belgium. 

To give any calculations as regards strain on the rope, the 
amount of work to be done by the engine, etc., would be 
purely theoretical, and practically not to be depended on, 
for the lack of fundamental data such as coefficient of friction, 
etc., for these particular circumstances. In England, at the 
colleries of the Wigan Coal and Iron Company, a carefully 
conducted series of experiments were made by the committee 
of the Mining Institute, to determine the coefficient of friction 
for mine-cars. They used two methods of investigation, giv- 
ing as results 0.2092 and 0.3548. But as the car-wheels at 
Arnot are of an improved pattern, even the lowest of these de- 
terminations must be considered too high. The fact, too, of the 
grade sloping outward will relieve the engine of a very great 
part of the strain, as the full cars running out will help, and in 
some places entirely suffice, to draw the empties in ; hence, the 
work will not be so heavy as one might at first suppose would 
arise from an endless wire rope with a single length of 5,700 
feet. Of curves in the line there will be three : one to narrow 
the distance between the branches of the rope on reaching the 
drift-mouth, one to widen it again at the pVoper place in the 
mine, and a third at 400 feet inside from the drift-mouth, where, 
as was said before, the drift turns to the left 17°. All these 
will be so slight as to present no serious obstacle, as in sev- 
eral cases in England endless-rope railways have curves of a 
far shorter radius than will be necessary here. The rope on 
curves will be in large wooden sheaves, to pass around which 
English experience has shown the clamp, since it is not rigidly 
fastened to the train, finds no difficulty. A wire rope lasts 
about three years. 

As regards the amount of work expected from such a sys- 
tem of haulage, it is calculated that the output through the 
drift from Headings 15 and 6 would be 800 tons a day, about 
600 to 700 tons being the present output as drawn in trains of 
five cars by mules. To get the amount of 800 tons it is calcu- 
lated to run about five trains an hour for a working day of ten 
hours, and thirty cars to a train. The average* capacity of a 
car has been given before to be from 1,000 to r,200 pounds. 
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The speed of the rope would be 8 miles an hour. In Eng- 
land the highest speed is at the California Pit, near Wigan, 
and is \\.^ miles an hour on tangents and 7 miles on curves. 
This, however, is on a much shorter line with sharper curves ; 
so at Arnot the trains can be kept up to the speed of 8 miles 
an hour through the entire length of the line. 

These designs were intended for, as was said in the begin- 
ning, the mine of the Blossburg Coal Company ; but, a change 
in the direction of the company taking place, work on them has 
never been anything further than the drawing up of the fore- 
going plans and specifications, and the making of the survey 
as described. Whether operations will be resumed at a future 
date is at present undecided. That some system of mechani- 
cal haulage in a mine of such dimensions and so great an out- 
put is required is unquestionable, as every day of the present 
method of draft by mules is a direct and decided loss, as is 
shown by the figures previously given of the saving at Morris 
Run. Moreover, the coal all coming down from two, or, at 
most, three headings, in which latter case the output would be 
about 1 ,200 tons instead of 800 tons per day, offers an unexcep- 
tionable opportunity and facility for the making up and sending 
out of large trains, much more so than if the drift was tapped 
at several points. As regards the economy of mechanical 
haulage, there is a rule in England that it pays as soon as the 
number of horses required exceeds six ; but in this country 
the superiority of our mules and the less expense of keeping 
them would somewhat raise that limit. In respect to the ex- 
pense of such a plant, it would be very difficult to give any 
figures in advance of the work, as really no estimation of how 
much is to be done in retimbering the drift-mouth can be 
made beforehand on account of the presence of quicksands 

In conclusion, the writer wishes to acknowledge his in- 
debtedness to Mr. E. G. Tuttle, of the class of '80, S. of M., 
for much of the data relating to the mine at Morris Run ; but 
more especially to express his thanks to S. B. Elliott, Esq., 
Chief Engineer of the Blossburg Coal Company and Tioga 
Railroad, for kindly allowing him to copy the designs of the 
proposed work, and also to publish the information contained 
in this article. 
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By the STUDENTS' OF THE SUMMER SCHOOL OF PRACTICAL 
MrNING, LAKE SUPEklOR, 1881. 



DRILLING AND BLASTING. 

Machine-drills are in very general use in the mines. In 
the last number of the Quarterly a table was given showing 
the comparative speeds of hand and machine work in shaft- 
sinking at the Barnum Mine, 

At the Republic Mine machine-drills are used wherever it 
is possible to set them up. Rand, Ingersoll, and Waring ma- 
chines are used, the former being the favorite with the miners, 
although its tripod is disliked because only one leg is adjusta- 
ble. The Ingersoll has two legs adjustable, and the Waring all 
three. AH of the tripods have the same arrangement for 
swinging the drill. The bits are in lengths of z, 4, 6, and 8 
feet, and are of two styles— burr and single edge, the width on 
the edge being from i inch to 2% inches. The men are paid 
about twenty-five cents per foot of hole drilled. 

Ingersoll and Rand drills are employed at the Champion 
Mine, the tripod of the former being used in sinking and stop- 
ing, and the column-support in drifting and cross-cutting. 

At the Michigamme Mine the drilling is nearly all done by 
machine-drills, of which the company have thirteen, seven 
Rand and six National. In stoping, large-sized holes are 
bored up to 2J^ inches in diameter, and heavy charges are 
used, the holes sometimes being 12 and 15 feet deep. In 
drifting and sinking, the maximum diameter of holes is i^ 
incli, and 8 feet the greatest depth. 

All of the drilling in the Jackson, and nearly all in the 
Lake Superior Hematite Mines, is done by hand, one Ingersoll 
drill and one Waring drill being used at the latter mine. 
Much hand-work is also done at the Cleveland. Machine-drills 
are used in the other mines visited as follows : New York — 
Rand, Burleigh, Ingersoll; Lake Superior — Rand. 

'Being extracls from (h« memoirs [cquired of each studenl of tlie Summer 
School. 
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Explosives. — At the Republic Mine both nitro-glj'cerlne 
and giant-powder are used, the latter especially in places 
where a very violent shock would be apt to bring down the 
sides and roof. The quantity used depends upon the judg- 
ment of the miner, no particular rule being followed. Nitro- 
glycerine is put into tin cartridges closed with a cork, through 
a notch in which the fuse passes to a copper cap containing 
some detonating material, as fulminate of mercury. Double- 
taped fuse is exclusively employed. Ordinarily no tamping is 
used with nitro-glyccrine, but when the blast-hole is in the 
roof, i.e., "looks up," wet clay is placed at the bottom and in 
the mouth to keep the cartridge in position. The charges are 
reckoned by the pound, and one man is detailed to do the 
charging and firing. 

The Champion Mine uses both giant-powder and nitro- 
glycerine, limiting the use of the latter, however, to stoping. 
Holes 10 or I2 feet deep are bored, filled with water, and the 
' ' oil " then being poured in, settles gradually to the bottom by 
reason of its greater specific gravity. The water at first breaks 
the fall of the oil and afterward ser\'es as tamping. In drifting 
and sinking the holes are charged with oiled-paper cartridges of 
giant-powder and tamped with 18 inches of dried sludge, care- 
fully rammed with a wooden stick. These cartridges are fired 
by a high-tension electric battery. Seldom more than eight 
to twelve holes are fired in the same drift at once, and for this 
number the. wires arc arranged in series. The advantages of 
electric firing are: ist, greater safety for the miners; 2d, 
economy of explosives ; and 3d, economy of time; and these 
advantages are especially noticeable in shaft-sinking and drift- 
ing, where electric firing becomes most advantageous. 

In the sinking of Shaft A, in the Barnum Mine, fourteen to 
eighteen holes, charged with No. 2 dynamite, are fired simul- 
taneously by electricity from a low-tension machine. The 
composition of the dynamite is approximately 46 per cent. 
nitro-glycerine and 54 per cent, fine black powder. 

At the Lake Superior Mine, giant-powder No, 3 and ordi- 
nary black powder are employed, the latter being most appli* 
cable to soft ore on account of its slower action. In using 
black powder at the Lake Superior Hematite Mine the rock is 
first " seamed " by firing r to 3 inches of a No. 2 dynamite 
cartridge at the bottom of each drill-hole, after which common 
black powder is poured in through gas-pipe and fired. The 
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giant-powder used at this mine in the harder specular ore is 
manufactured by the Atlantic Giant- Powder Co. of New York, 
and contains 30 to 40 per cent, nitro-glycerine, and 60 to 70 
per cent, of dope, consisting of nitrate of soda mixed with a 
small proportion of sawdust. It is put up in paper cartridges 
or sticks l yi inch in diameter by 8 inches long, and is fired by 
the Bickford safety-fuse, with a detonating cap of German 
manufacture clinched to its lower end. The tamping consists 
of the mine dirt from the foot of the stopes, and the general 
rule followed is to use two-thirds by volume of tamping to 
one-third of powder. 

Glukodine is excKisively used at the Cleveland Mine, the 
charges varying from an ounce for block-holing, to five or six 
pounds for large blasts. The tamping is fine ore or rock, from 
the floor of the workings. Glukodine was used for a while at 
the Michigamme Mine, but was abandoned after two accidental 
explosions, which resulted in serious injuries to several men. 

Giant, Hercules, and common black powders are used at 
the Jackson Mine, the only rule in regard to the use of explo- 
sives being, use black powder whenever possible. The charges 
are fired by electricity, either singly or in roughly arranged 
groups, no attempt be made to secure simultaneous or rapidly 
successive discharges. 

[It will be seen, from the above notes, that the use of high 
explosives is almost universal in the iron region. The ten- 
dency among the miners has been to demand more and more 
powerful explosives, the 30 per cent, dynamites first introduced 
being now replaced in the market by stronger powders, con- 
taining 40 per cent, and 60 per cent, of nitroglycerine which 
have been manufactured to meet this demand. At some of 
the mines, in spite of the danger attending its use, nitrogly- 
cerine itself is employed. 

There are, however, signs of a reaction in favor of less 
powerful and cheaper explosives. It is stated, on good au- 
thority, that, notwithstanding the introduction and use of ex- 
plosives of increased strength and greater cost, the amount of 
explosive consumed per ton of ore mined is, throughout the 
region, as great as, and, in isolated cases, even greater than 
when black powder alone was employed. It is evident that the 
miners have not, as yet, acquired the skill in the economical 
and effective use of the high explosives that they had reached 
in the employment of black powder. In fact, the very strength 



, <„, u i.Goot^lc 



200 THE QUARTERLY. 

of the powder is too often made an excuse for not exercising 
skill and judgment in the placing and pointing of the blast- 
holes. A part of this is, undoubtedly, due to the general use 
of machine-drills, with joints less flexible than those of the 
human frame, and therefore not always capable of boring holes 
in the best place and in the most advantageous direction. 
Another source of increased consumption is in the unneces- 
sary diameter of the drill-holes, both machine- and hand- 
bored, which hold more powder than required for the work, 
being proportioned for black powder, but which the miners 
think it necessary to fill to the same extent as if they were 
using black powder. On the other hand, such holes, filled 
with high explosive, undoubtedly do more execution than if 
filled with black powder, breaking more ground, and thus less- 
ening the labor of drilling per ton of ore mined, and also 
breaking the mineral into smaller pieces, and thus saving in 
labor of sledging and block-holing. The extra .cost of the ex- 
plosive is thus, in part or wholly, balanced by saving in cost of 
labor. There is, however, no reason why, with a more intel- 
ligent and economical use of the powerful explosive, these ad- 
vantages need be lost. The subject is one which will repay 
study and investigation. — Ed,] 

Scramming. — A scrammer is a miner who prefers to work 
for himself, and takes a small contract, to mine ore from the 
sides of old pits, or from narrow portions of abandoned or 
worked-out deposits. The scrammer is paid so much a ton 
for the ore produced, he paying all expenses, for hoisting, 
powder, etc. Sometimes the scrammer takes a contract to 
work over the piles of waste rock, breaking up the large pieces 
and picking the good ore from the jasper. 

HANDLING THE ORE AND WASTE ROCK UNDERGROUND. 

Jackson Mine. — The ore when blasted down is loaded at 
once into cars, if not in pieces over ten inches in diameter ; if 
larger, it is broken on the spot, by sledging or block-holrng, 
to the proper size. If ore and rock are in the same piece and 
it is large, it is broken or blasted to separate them, and the se- 
lection is made on the spot. In the pits where the scrammers 
are taking down ore from the sides, and no sinking is in prog- 
ress, buckets or cars are loaded by shovelling, and the rock is 
left at the bottom ; but in the stopes all that is blasted rolls 
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xdown the incline and is separated at the tracks. In most cases 
in the stopes the rock is also of necessity carried out, but it is 
only hoisted a short distance and then dumped into special 
chutes, which carry it away to deserted parts of the mine. In 
the stopes the loading is done directly from the protecting 
battery, at the bottom, into the cars ; but, in the open pits, 
barrows are necessary, and in several places in these open pits, 
where a track would be inconvenient to reach, a bucket, 
worked by a large derrick, is used, and by its great swing 
saves much wheeling of ore at the bottom. These buckets 
hold about one ton, and their hoisting-ropes go to the engine- 
house drums in the same way as the skip-ropes. 

Block-holing is thus conducted in the Cleveland Mine. 
For pieces weighing one ton or more the block-holes vary 
from 8 to 12 inches in depth, are charged with r inch to i^ 
inches of glukodine, and lightly tamped with fine ore. To 
save time of the workmen a large number of holes are usually 
fired at once. 

The men who load the underground cars are usually paid 
by the skip-load, and have, therefore, very little interest in 
sending up pure ore ; hence, a man or boy is employed to 
throw out any rock or poor ore which may have been thrown in. 

Republic Mine. — ^The process of getting the ore to suitable 
size for hoisting is much the same as that already given. If 
the ore shows a clear grain, it can generally be split with a 
" gad " or short, blunt chisel. 

The cars used are mounted on four wheels placed near the 
centre, have sides of iron, and swinging ends of wood braced 
by iron cross-pieces which are held shut by latches at each^ 
side near the bottom. They are run directly up on the cages 
and hoisted to the surface without unloading. Their weight is 
1,800 pounds, capacity about one ton, and they are moved by 
men or mules, the latter being sent down in the morning and 
raised at night in stalls on the cages. 

The track is 3 feet guage, and 28 pound rails are used. The 
grade is as high as 1^ in lOO, and the sharpest curve has a 
radius of 14 feet, but the arrangement of the car-wheels near the 
centre would permit even sharper curves than this to be used. 

Lake Superior Mine. — Twenty-pound steel sledges are em- 
ployed for breaking the ore, which is then sorted, the rock 
being piled on one side, while the ore itself is thrown directly 
into a tram-car. 
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Larger pieces are broken by block-holing, tlie holes for 
which, varying from 8 inches to i6 inches in depth, arc hand- 
drilled by a i3^-inch bit struck by a 7^-pound hammer. 

The ore is sorted almost entirely underground, an experi- 
enced miner readily distinguishing the different grades both by 
the weight and the peculiar ring, which in first-class ore is dull 
and heavy, while that of a poorer quality has a characteristic 
"chainy" resonance when struck. 

New York Mine. — As the ore is blasted down in the slopes, 
it is broken into pieces that can be lifted by one man and 
loaded into barrows, from which it is dumped into the skips 
from a loading platform or plank laid across the shaft. The 
men who do this work are called fillers and are paid by the 
amount of ore sent up. The breakingup is accomplished 
either with sledges or by block-holing, the latter being gen- 
erally done with nitro-glycerine. 

In some of the pits light enough enters to allow of sorting 
the ore underground, and the rock and ore are sent up sepa- 
rately. In other cases each skip-load contains more or less 
rock, and must be picked at the surface. 

At the Michigamme Mine the number of trammers is about 
equal to the number of miners. It is the business of the 
trammers to sort and tram the rock and ore from the stope to 
the skip. The sorting underground is quite simple, three 
classes only being made, "rock" or waste, " Persberg" or 
second-class ore, and " Standard," or first quality ore contain- 
ing 65 per cent, metallic iron and ore. The ore breaks off 
quite clean from the south or hanging wall, and here the 
broken ground consists of " rock " and standard ore only, no 
second-class ore being made. The rock is thrown to one side 
till enough accumulates to make a skip-load, when it is loaded 
and sent to the surface, a special signal being given to announce 
the character of the load. The second quality, or " Persberg " 
ore, occurs near the foot-wall. This is separated by the tram- 
mers in loading. The jasper and the mixed ore of the foot-wall 
itself is sent up as rock, but as far as possible the blasting is 
so managed as to break ore only. 

The cars arc loaded by hand, the lumps being inspected in 
the loading. Fine ore is not sorted underground, but is shov- 
elled into the car and picked over on the surface. 

Pieces too large to be lifted are broken by a sledge of 18 
to 24 pounds — one man of a party of four trammers being en- 
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gaged at this work most of the time. If the pieces are too 
large to be sledged, they are broken by " block-holing," that is, 
blasted by means of a small hole drilled by hand. Block-holing 
is the work of the stopers, but when the trammers are short of 
ore the work is done by them, and charged against the stopers 
at thp rate of fifty to eighty-five cents per foot of hole drilled. 

The tramways are so laid that there shall be a slight grade 
in favor of the load from the stope to the loading-plat at the 
shaft. Heavy rails are used and are laid without ties on the 
solid ore, each rail being laid in narrow channels cut with the 
pick or moil, and held in place by dirt tamped about them. 
This permits the ore to be blasted down on the track without 
danger of bending or dislodging the rails. The tram-cars hold 
from two to two and one-half tons, and dump directly into the 
skip, which stops just below the plat. To prevent ore and 
rock from falling between the skip and the plat, and down to 
the lower levels, movable boards are used, forming a sort of 
chute or hopper, which boards are turned back during hoisting 
and lowering of the skip. 

HANDLING AT THE SURFACE. 

In some few cases the ore passes from the skip directly to 
the pocket, and to the ore-car, as at the Jackson, where most 
of the mine being in direct communication with the railroad, 
the ore is hoisted just a little above that level and dumped 
into pockets which connect by chutes with the cars. In some 
parts of the mine the railroad is too distant, and then the ore 
falls through chutes into wagons and carts, in which it is hauled 
to the loading platform by the track. The buckets, when used, 
dump their contents into carts which drive up to the edge of 
the pit. The same general methods are employed at the Cleve- 
land Mine, where all the shaft-houses are either directly over a 
branch railway, or have a chute to convey the ore to the cars, 
so that the skip empties its load at once into the cars or into 
the pocket above them. Each skip-road, with the exception 
of that at the Saw-Mill pit, where the ore is not sorted, is pro- 
vided with a pocket. At other mines, however, the ore has 
generally to be trammed from the shaft houses to the pockets 
in hand-cars, or in cars drawn by horses or mules. 

The shaft-houses of the Champion Mine are built directly 
over the mouth of the shaft, the skip-way extends to the top 
of the shaft-house, and behind it is a wedge-shaped bin ex- 
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tending from about 5' above the floor to one-half the height of 
the building. This bin is divided into two compartments by a 
partition through the middle ; directly over the partition, and 
under the self-dumptng device io the skip roadway, is the 
inlet into the two bins, the remaining portion being boarded 
over. Hung to the partition in this inlet is a door, which can 
be swung backward and forward, thus closing at any time the 
entrance into either bin. By this contrivance the good ore 
and the rock are made to dump into separate bins. On the 
outside of the shaft-house are chutes, closed by cast-iron 
aprons, which can be raised and lowered by long levers and a 
windlass. The ore falls through these chutes to a car, and is 
hauled to the ore-pockets or stock-piles by horses. 

At the New York Mine the skip-roads from the different 
pits extend far enough above the surface to allow the dumping 
of the skips into cars running on trestle-work. These cars are 
run along the trestle-work and dumped on the stock-piles, or 
into chutes or short slides, leading to the railroad cars below. 
In some cases the railroad track runs near enough for the ore 
to be dumped upon the ore-cars directly from the skip. To 
facilitate examination and separation of second-class ore and 
rock, the ore hoisted during the day-shift is dumped on a short 
slide, as above mentioned, a portion falling dij-ectly into the 
car and part remaining on the slide. All dirt and dust is 
washed from the ore, by water from a hose, so that good ore 
may be readily distinguished, and all doubtful pieces arc thrown 
aside as waste, the remainder being scraped into the cars. 
The different pits being let on contract, each pit has a sorter 
at the surface, who helps pick over the ore and records the 
numbers of the cars that are loaded with ore from his pit. 
The cars are iveighcd at Escanaba, and each contractor cred- 
ited with the weights corresponding to these car numbers. 

The ore from Pit S, being largely mixed with Jasper, is not 
dumped directly into the cars, but in a pile on the ground, 
when the good ore is picked out, loaded into a cart, and 
drawn about 100 feet to a platform, from which it is dumped 
into the car below. The ore hoisted during the night also is 
not dumped in the cars, but on the stock-pile, record being 
kept of the amount, and the contractor credited with a certain 
weight per skip. When the ore is not uniform, each skip-load 
is weighed and a certain weight deducted for. waste. 

At shafts I, 2, and 3, of the Republic Mine, much the 
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same general methods are followed, but at shaft No, 6 the ar- 
rangements are far more complicated. At one side are three 
burrows, or stock-piles : one for black ore (magnetite), one for 
slate ore (specular), and one for second-class ore. The second 
class and magnetite are conveyed to pockets on the main track, 
in front of No. 3, by a line of tram-road, and the slate-ore is 
carried to pockets by six parallel lines of tramway. The slate 
or specular ore, as it comes from the mine, is either dumped 
on the stock-pile or run down a self-acting incline, 270 feet 
long with slope of i in lO, to pockets over the railroad. , The 
rails over each pocket are provided with hinged segments, 
which, when raised, expose slight depressions, into which the 
front wheels of the car run, by which the cars are dumped. 
The trammers sometimes have to assist this operation with the 
aid of a pole inserted between the wheels, with which they tip 
the car and allow the contents to fall to the pocket below. 

Michigamme Mine. — The arrangements for handling ore on 
the surface are very complete, the ore being lifted by the 
shovel or by hand but once from the time it is blasted down 
till it reaches the deck or hold of the vessel at the shipping 
docks at L'Anse, excepting only that ore which has to be 
stored at the mine on the stock-piles. 

The signals announcing the nature of the up-coming skip- 
load, the switches are set for tramming the load to its proper 
place. If the load is rock it passes directly to the dumps, 
most of which are so arranged as to fill up old workings. If 
the load be Persberg, or second-class ore, it goes to the stock- 
piles ; or, if standard ore, it goes to the picking-table over 
the pockets. In every case the tramway has a slight grade in 
favor of the loaded cars. From shaft No. 2 there is a gravity 
road to the pockets. From No. 4 the cars are drawn by a 
mule. From the open pits the cars are smaller and the tram- 
ming is by man-power. 

There are nine pockets, each holding about 150 tons. 
They are really underground, being constructed in the old sur- 
face workings. The railroad cars run under the pockets by 
sidings from the main line. These cars hold 6 to 7 tons, and 
at present (July 23d) 8l cars are loaded per day — 65 going to 
L'Anse and 16 to Escanaba. 

Persberg ore, for which there has been but little sale until 
lately, is loaded from the stock-piles by barrows and movable 
trestles. 
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The appliances and method of picking the standard ore 
deserve special mention. The ore as it comes from the mine 
is moist, often so coated with fine rock and ore that its grade 
cannot always be determined with certainty. Hinged plat- 
forms are therefore provided, on which the car-load of ore is 
dumped and washed with a hose. The pickers then examine 
the ore and throw out any waste or second-class ore. After 
this inspection the button is turned and the ore slides into the 
pocket below. By this simple device, the invention of Cap- 
tain Christopher, two men are able to pick 90 tons of ore per 
shift, at a cost of 3| cents per ton for labor. 

Pockets. — Pockets are made of heavy timber, sometimes 
lined on the bottom and sides with T-rails. Those which are 
placed at the side of the railroad track slope toward it, and are 
closed by gates worked by hand-levers and balancing weights, 
or by small winches placed above. 

Those which are over the track have the sides sloping to 
form a kind of hopper, and are supported on a heavy frame- 
work, which allows the cars to pass underneath. The small 
lower end is closed by drawing-bars. 

Stock-Piles. — During the winter no shipments are made, 
and the ore is piled up at a short distance from each shaft, a 
separate pile being made of each grade of ore. 

Generally the floor of the stock-pile is five to seven feet 
above the railway level, and the side next the railway is sup- 
ported either by a rough stone-wall, as at the Cleveland, or 
by crib-work, as at the Champion. In some cases, as at the 
New York, piles are made on the general level. 

In the shipping months, June, July, August, September, 
the stock-pile is gradually removed. At first the ore is shov- 
elled directly into the cars, then temporary narrow-guage 
tracks are laid, and ore carried in small tram-cars to the rail- 
road, enough tracks being laid to have one for each railroad 
car being loaded. 

RAILROAD TRANSPORTATION AND TRANS-SHIPMENT OF ORE. 
The ore from the different mines is carried by the Mar- 
quette, Houghton, and Ontonagon Railroad to L'Anse or to 
Marquette on Lake Superior, or by the Chicago and North- 
western Railroad to Escanaba on Lake Michigan. At these 
points the ore is loaded on sailing-vessels and steamers, and 
carried through the lakes to Cleveland and other eastern ports. 
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At each of the shipping-points arc ore-docks for facilitating the 
trans-shipment of the ore. These docks are built on trestle-work, 
high above the water, and are provided with a series of ore- 
pockets into which the ore is dumped from the cars, railroad 
tracks being laid over pockets the whole length of the dock. 
Long, hinged chutes lined with iron serve to conduct the ore 
from the pockets to the deck or hold of the vessel. 

The ore-cars, having a capacity of about eight and one- 
half tons, are provided with movable bottom doors by which 
they are discharged. The pockets have a capacity of from 50 
to 100 tons each, The dock at Marquette has a total length 
of 1,22-2% feet, a working length of 720 feet, is 53 feet in 
width, with four tracks, and rises 38 feet above the water. 

The foundation is of piles cut off three feet above the water 
and capped ; above the caps are placed the silts, and upon 
these rest the main bents constituting the dock-support. There 
are 136 pockets on both sides of the dock, of which 120 (ves- 
sel-pockets) have a capacity of 5 5 tons each, and 16 (steamboat- 
pockets) of 100 tons each. 

The bottoms of the majority of the pockets have a slope of 
39°, and are lined with |^-inch iron plates 12 Inches square. 
The mouth of the lowest pocket is 17 feet above the water, 
that of the highest, 22 feet. The ore is delivered on board the 
vessels by means of spouts hinged at the mouths of the pock- 
ets and raised or lowered by a crab-wrench placed above. The 
spouts are lined with J^-inch iron plate. 

The dock is of sufficient capacity to load eight vessels at 
the same time. The vessels average about 650 tons, and with 
that tonnage may be loaded in one hour and thirty minutes. 

The estimated capacity of the dock is 500,000 tons of ore 
for the entire season of navigation. 

The ore-docks at Escanaba and L'Anse are similar to those 
at Marquette. The dock at Escanaba Is upward of 1,300 feet 
in length, 32 feet in height, 37 feet in width, and has 352 
pockets, having a total capacity of 24,000 tons. 

The L'Anse dock has a length of 546 feet, is 36 feet wide, 
and 38 feet high. There are in all 84 pockets with an average 
capacity of 75 tons each. The arrangements for loading and 
discharging are in every respect similar to those described, the 
spout when lowered forming a continuation of the pocket-bot- 
tom and delivering the ore directly into the bold of the vessel, 
[To be continoed.) 
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MINES OF THE APPALACHIAN RANGE.' 

By GEORGE B. HANNA, E.M. {'68). 
NORTH CAROLINA. 

On the central belt of North Carolina, comprising eleven 
counties in part, and covering a territory one hnndred miles 
long, and, on an average, fifteen miles wide, vein-mining only 
is undertaken. The placers have long since been exhausted, 
with the exception of very small and unfavorably lying 
patches, which admit of unimportant operations only. 

In Guilford County the mines at work are the Fentress 
and the Gardner Hill, but the operations are on a small scale. 
The Conrad Hill is in process of reopening. 

The Allen and the Eureka, near Thomasville, Davidson 
County, have also been worked to a small extent, and at the 
Silver Valley Mine, near the same place, the operations are 
confined to developments, and there seems at present little 
disposition to mill the ore, although a lo-stamp battery is at 
hand ready for work. 

The Silver Hill Mine, near Lexington, has been one of the 
most extensively worked mines in the State, and, with one ex- 
ception, is the deepest. The ore is a refractory galena and 
blende, with a little silver and a trace of gold. 

About Salisbury, in Rowan County, are rtumerous mines, 
which would doubtless be worked if the conditions of the 
metallurgical industry of this section afforded a reliable market 
for ores. 

At the Dunn Mountain Mine, three miles east of Salis- 
bury, the company have been content to develop before erect- 
ing mills. This ore has considerable iron pyrites and some 
copper pyrites, but is, for the most part, brown oxide of iron 
with quartz and slate. 

The Gold Hill Mine, fifteen miles southeast of Salisbury, 
although not on the central belt, is so intimately connected 
with it as to claim attention here. This has been the most ex- 

' Eslroct! from a paper by Mr. Haiina, in the Report of the Director of Ihe 
Mint, Washington, tSSt, pp. t6S et seq. 
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tensively worked and most noted mine in the South, having 
reached a depth of seven hundred and thirty-five feet. It is 
not worked now, except in a petty way, and chiefly by a re- 
treatment of the old tailings. 

The operations of this section cannot be dismissed without 
an allusion to the Davis and Tyson metallurgical works, situ- 
ated two miles south of Salisbury. A large plant, covering at 
least one- fourth of an acre, has been erected, and supposed 
to be capable of treating ten tons per day. The method is 
essentially one of chlorination. 

Chlorination works have recently been erected at Mount 
Pleasant, Cabarrus County, and the superintendent states that 
they have been successful. 

With a very few exceptions, the best known mines are situ- 
ated in Mecklenburg County, but three mines only are in 
operation. 

The Rudeshil, one mile south of Charlotte, is credited with 
the production of $i,ooo,coo. At present the depth is Httle 
more than two hundred feet, and the lowest level one hundred 
and ninety feet. This mine is capable of turning out large 
bodies of ore suitable for milling, and a fine grade of sulphu- 
rets adapted to a smelting treatment, of which latter class a 
considerable quantity has been shipped to Northern smclting- 
works. 

The New York and North Carolina Reduction Works, lo- 
cated at Charlotte, commenced operations about six months 
ago, but the amount of work done to this time has not been 
large, as the supply of ore has not come in rapidly. 

On the western belt of North Carolina the King's Moun- 
tain Mine, in Gaston County, is the only mine now worked to 
any important extent. This mine has been very productive. 
It is worked at a depth of three hundred and twenty feet. 
The ore is impure limestone, with a small percentage of ga- 
lena, blende, iron and copper pyrites, and other rarer miner- 
als' in very small proportions. There are two veins, or ore- 
bodies, the front one being worked at present. This ranges 
from eleven to fifteen feet in thickness. The whole material is 
low grade, but as it is cheaply mined and easily milled, and 
has but a trifling proportion of refractory sulphurets to lessen 
the yield of gold, it can be worked at a profit at figures which 
' Nativs gokl, »lt>ite, nagy>gtle, elc 
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with most kinds of ore would barely suffice for mining and 
hoisting. It is provided with four double batteries and other 
machinery capable of treating sixty to eighty tons per day. 

The " gravel " mines of this western section have attained 
a great celebrity. The most noted area is where Burke, 
McDoweli, and Rutherford Counties come together. An ex- 
act survey would probably show 250 square miles of these de- 
posits. As the processes are made more economical and effi- 
cient, the paying areas will be more numerous. The gold 
hitherto extracted has been from the gravel exclusively. Its 
ultimate source has never been satisfactorily ascertained, but 
as rich gold-bearing quartz has often been found with the 
gravel, it apparently came from the innumerable seams of 
quartz which everywhere traverse this section. This locality, 
in common with the whole of the Carolinas and Georgia, has 
undergone extensive alterations and decomposition, and sub- 
sequent wearing down, by which the gold has been left in the 
surface-soil, and more largely in the bottoms of streams both 
ancient and modern. The greater part of these accessible 
places was long ago exhausted, and the work of the future will 
be on the deep-lying gravels, which require expensive digging 
to remove the surface-soil, or else a heavy and powerful stream 
of water to wash it away. The product of this area is proba- 
bly not less than $30,000 per year, and, in seasons when water 
is abundant, will exceed this. 

In the eastern belt of North Carolina the formation is slate, 
sometimes argillaceous, sometimes talcose and chloritic, some- 
times micaceous, and occasionally hornblendic. At present 
but few veins are worked ; the chief localities operated are 
in "gravel." 

The formation at the Jones and Keystone Mine, fifteen 
miles nearly east of Thomasville, is most curious. The tracts 
owned or controlled by the company comprise 293 J^ acres. 
The ordinary talcose and chloritic schist of the section is here 
highly decomposed to a depth of 20 to 40 feet, and every- 
where stained with peroxide of iron from decomposed sul- 
phurets. From many assays made from samples taken by 
myself from many and widely separated points, I think most 
of this material contains gold to the extent of $2.50 per ton, 
with chimneys carrying ore of much higher grade. The 
material is soft, and easily crushed by the hands, and mining is 
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easy and cheap ; and as the conformation of the surface allows 
the use of gravity tramroads, the ore can be put in the mill- 
house at an expense of a few cents a ton. The supply of 
water is very scanty, and this lack has seriously hindered 
work, otherwise the property would be very valuable. At 
present work is suspended to allow the erection of a plant to 
treat the ore by a recently invented French process. 

The Beaver Dam Mine, in Montgomery County, is thirty 
miles cast of Salisbury. The property comprises 800 acres, of 
which nearly one-half is claimed to be underlaid by gravel. 
It is worked exclusively as a hydraulic mine, and on a system 
of hydraulic mining peculiar to the South, the water being 
thrown directly on the gravel by a steam pump, the supply of 
water being obtained from the creek. 

The Sam Christian Mine, in the same county, has had a 
famous history, and the present operations show that its re- 
sources ate far from exhaustion. The place is worked only as 
a hydraulic mine. At present two old streams are in process 
of uncovering. A curious fact about this mine is the absence 
of gold in small grains, and its occurrence in nuggets. 

Any effort to estimate the present production of North 
Carolina is difficult, as several producers of bullion have shown 
a reticence in answering questions. The records of the assay 
of!ice at Charlotte show deposits amounting to $57,092.14 in 
1880, but the entire product of the State did not pass through 
that office. As regards the production in i88i another source 
will be added, viz., metallurgical works ; but I do not antici- 
pate any large addition from this species of work, as the 
establishments are new, and the methods as yet to be fully 
applied and perfected. 

SOOTH CAROLINA. 

Most of the general conditions mentioned under mining in 
North Carolina, apply, with equal force, to South Carolina, for 
most of the formations are the same, and the same industrial 
conditions exist. 

Vein-mining is conducted at only two places, most of the 
work being of a hydraulic character. The work is not so ex- 
tended as in North Carolina. 

The Brewer Mine is located in Chesterfield County, twenty- 
nine miles nearly south from Munroe. In this mine there is 
no vein in the usual sense of the word ; at present only 
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" gravel " is worked, and geological changes have distributed 
this more or less through the surface-soil, and on the bedrock 
of old streams. The recent work has yielded $i per square 
yard of bed-rock uncovered. There is another curious body 
of auriferous material on this property which has proved a 
puzzle to geologists. I refer to an enormous mass of fine 
white or slightly stained sand, so loosely aggregated that 
much of it can be easily pulverized by the fingers. It is tra- 
versed irregularly by masses of horn-stone or agatized quartz, 
bearing fine iron pyrites, etc. This material is everywhere 
auriferous. It has been worked in an irregular way for thirty- 
eight years, and is pitted with old shafts. No determination 
of the limits of this body has as yet been made, but from the 
outcrops found at widely distant points, there must be several 
hundred acres. The larger part of this body is admirably 
fitted for hydraulic mining. The supply of water is the most 
important consideration here. The whole mine being so high 
above the surrounding country, the sole means of supplying it 
is by pumping apparatus, A powerful establishment is now 
in operation, capable of supplying one thousand gallons per 
minute, and thought to be capable of uncovermg one hundred 
square yards of bed-rock per day, A return of $18,000 to 
$20,000 may reasonably be expected during the present year. 

The Haile Mine is situated in Lancaster County, ten miles 
west of the Brewer. The property is one vast bed of talco- 
chloritic and micaceous schist, with alternations of siliceous 
schist. The ore-masses are simply the schists of the country 
more highly charged with mineral matter ; they are lenticular 
in shape, with a width varying from six to sixty feet, and 
alternating with heavy bodies of nearly pure iron pyrites, 
sometimes eight feet thick. The average value of the ore is 
thought by the assayer of the company to be $7 per ton for 
the schists, and not less than $15 per ton for the heavy and 
pure sulphurets. 

At the Dorn Mine in Abbeville County nothing of im- 
portance is now done. This property was once worked with 
a large return, and it is claimed that there are still large bodies 
of ore in the mines. 

The production of South Carolina for 1880 has been very 
small ; the total amount deposited at the Charlotte assay office 
was $8,082.58. The total production may have been $12,000, 
The yield of 1881 will be much larger. 
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GEORGIA. 

The auriferous area of Georgia covers something more 
than one-third of the northern portion of the State, and 
-stretches from South Carolina on the east to Alabama on the 
west ; it is geologically the extension of the area of North and 
South Carolina. 

The occurrence of the gold is not very dissimilar to that of 
Western North Carolina. Schists everywhere make up the 
country — chlorotic, micaceous, talcose, and sometimes, though 
rarely, hornblendic. They are usually decomposed to a great 
depth and easily broken up, and when not decomposed they 
are soft enough to yield to the pick. 

The gold appears to occur in seams of quartz, which tra- 
verse the strata in great numbers, usually parallel to them, and 
varying in thickness from one-fourth of an inch to six inches, 
rarely more. There are zones of strata in which these seams 
are particularly abundant. The mining is principally carried 
on in these zones, as outside of them the seams arc so few as 
to make the ore of too low grade to be of economic impor- 
tance. The ore is of very low grade. I could not learn that 
any effort has been made to ascertain exactly the average 
value of the ores, but, from a comparison of all the information 
attainable, I am inclined to put it at not more than $1.25 to 
$1.50 per ton. 

The general method of exploiting is as follows : The mine 
being selected, the first care is to secure water from some ditch 
company, and draw it into their own reservoir at such an ele- 
vation as will allow it to command every part of the ore-body. 
Now and then this is found impracticable, and the water is 
pumped from the highest attainable point of flowage, up to 
the desired point. At the same time the strata which overlie 
the body of ore are removed or opened so as to expose the 
ore, and to allow of its ready removal through the cut to the 
mill, which is established in some ravine near at hand. 

At the outset the treatment is purely hydraulic. The 
water is thrown against the ore with the tremendous force due 
to its fall of sixty or one hundred and fifty feet, or more, and 
rapidly eats it out of its lead, and washes it into sluices in the 
bottom of the cut, and down into the mill-house. Sometimes 
a few blows from a sledge-hammer are needed to break up the 
harder material, but, generally, by the time the material has 
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reached the mill, which may be from one to twelve hundred 
yards away, the decomposed and soft slate is well pulverized, 
and much of it floats away, leaving the gold in the sluices, 
while the harder slate and quartz is carried into the milt, pul- 
verized and amalgamated. 

The mills are of the usual Californian pattern, modified to 
suit the ore. They are generally run in double batteries of ten 
stamps, of three hundred and fifty to four hundred pounds, 
making sixty-eight-inch drops per minute, and discharging 
through screens with meshes of /j to i of an inch opening. 
The softness of the material, and the coarseness of the screen 
allow the treatment of about three tons per day per stamp, 
which corresponds with five to ten tons of material as it stood 
in the mass. Almost no hauling is given this material, so that 
twenty-five men, as in the Pigeon Roost Mine, will supply the 
ore, and do all the work for a forty-stamp mill. The cost of 
water is the most serious item, the charge at present being 
twelve cents per day per inch, of which rarely less than twenty- 
five inches are used. 

In Lumpkin County the two most prominent mines are the 
Pigeon Roost and the Findley, and at both the production has 
been large. The former, in particular, is especially well opened. 
It is operated by a turbine, so that the cost of motive power is 
extremely small. The yield in 1879 was $35,000. The Find- 
ley Mine is also well opened, and provided with ample mining 
ground to supply its large mills, of which it has two, provided 
with fifty stamps in all. 

In Dawson County a few mines are now opening, but the 
work of production at present is confined to individual miners, 
A similar statement may be made regarding Hall and White 
Counties, 

The production of Georgia for 1880 is estimated at $121,- 
880. 
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Mining Engineering. 

Experiments and Improvements in the Mines of Prussia during 
1880 (Continued). — Automatic Safety-Gates. — Numerous devices have 
been tried at the Saarbriicken Coal Mines for the auloiuatic raising and 
lowering of the safety-gates at the mouths of the shafts, with a view to 
obtain a form of gale of simple construction, which will work with cer- 
tainty, with httle noise, and without hurtful shocks to the cage or 
hoisting ropes. At the Allenwald Shaft, No. i, the gate is raised by 
meansofalonglever, pivoted at the middle, one end of which is struck 
by the ascending cage, while a rope attached to the other end, and 
passing over pulleys, raises the gate. When the gate has thus been 
raised to the required height, it is held in position by a latch, whicli 
hooks into an eccentric cam on the axis of the lifting lever. On low- 
ering the cage, this latch is released by means of a second lever below, 
which is struck by the cage in descending, thus permitting the safety- 
gates to fall by their own weight and close the mouth of the shaft. 
The fall of the gate is checked and controlled by a piston attached to 
the lifting lever, which works in an air-cylinder. This device has 
proved successful and quite satisfactory in all respects. 

A simpler form of safety-gate is that which is raised and lowered 
directly by the cage, without the intervention of levers or ropes. The 
chief objection to this form is the noise and shocks attending the 
opening and closing of the gates, which are struck violently by the 
ascending cage and dropped with some force when the cage de- 
scends. This difficulty has been overcome by the use of a light lat- 
tice gale of steel, weighing less than fifty pounds, running in guides 
and with projecting arms provided with rubber buffers which are 
struck by the ascending cage. When the cage is lowered, the gate 
falls on spiral steel springs. With these light gates not only is the 
noise much lessened, but the hurtful shocks and consequent strain on 
the hoisting ropes and connections are much lessened. 

Safety-gates at the bottom of the shafts or elenators are sometimes 
desirable. At the Gerhard-Prinz-Wilhelm Mine, a gate at the bottom 
of a surface-hoist is raised by means of two long levers pivoted at the 
middle, one on each side of the shaft. The outer ends of these levers 
are attached to the gate, white the inner ends are arranged to be 
struck and depressed by the descending cage, which thus raises the 
gate on reaching the bottom of the hoist 

Attachment of Wire-Rope to Cage. — At one of the Saarbnicken 
Coal hfines the ropes pass through or between the top bar or bars of 
the cage and through a rubber buffer, and is secured below by means 
of four small clamps attached to the rope. 
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Tail-Rope under Hoisflng Cages. — At the Cons. Myslowitz Mine, 
in U})i)er Silesia, the hoisting dnmi is replaced liy a sheave at 
the top of the shaft-house, with an oak-lined groove. Brake-blocks, 
three in number, grip in the same groove. Th-o cages are used, at- 
tached to the ends of a wire-roi>e passing over the sheave. The rO]je 
is of such a length that when one cage is at the to|), the other shall be 
at the bottom of the shaft. To balance the weight of the hoisting- 
rope, which is now all on one side and again all on the other, a loop 
of old rope, of equal length, is attaciied to tlie bottom of the two cages. 

Hoisting with ErtiUess Rope {Kbpe System). — A further improve- 
ment on the tail-rope system is used in a winze in the Maria Coal 
Mine in the Wurni mining district. Two cages are used, each ar- 
ranged for two cars, side by side, each car containing lo cwt. of coal. 
The endless rope passes through wrought-iron tubes in the middle of 
each of the cages, and is secured below the cage by wrought-iron 
clamps. By shifting the clamps, the distance or length of roj)o between 
the cages can be altered at will, thus making it possible to hoist, at 
different times, from different levels, without foregoing the advantage 
and economy of balanced cages. The endless rope rests in a deep 
groove of the hoisting-sheave, which is driven by a two-cylinder com- 
pressed-air engine working expansively, with Farcot's cut-ofF. Cylin- 
ders 13J inches diameter, with ji^ inches stroke. Maxlnium air-pres- 
sure, five atmospheres (now working at three atmospheres). Hoists 
zoo tons in 13 hours to height of 886 feet. 

The advantages claimed for this system are; rst, machinery re- 
quires but httle room and less expensive foundations than if a drum 
were used ; ad, the heiglit of the sheave above the landing stage need 
not be as great as in the ordinary plan ; 3d, the wear of the lope is 
less, as it is subjected to but one bending; and 4th, the shifting of 
the cages is easy and simple, and permits the wear of the rope to be 
equalized. 

The main disadvantage lies in the tact that any breakage results in 
the loss of both cages. 

Telephones are in nse at the shafts of the Cologne Mining Com- 
pany at Altenessen. Sieniens's telephone and call, working without a 
battery, is used, and underground stations are ]iroposed. An under- 
ground line is in successful operation at the Kiinigen -Louise Mine in 
Upper Silesia, 

Surface Transportation — Narrow-Gauge Railroads. — Two narrow- 
gauge (30-inch) roads have been constructed in the Mansfield co|)- 
per district for the transport of the copper schists, respectively 0.6 
mile and 3.1 miles in length. 

Wire Ropeways. — Bleichert's elevated ropeway is coming into 
more general use for transport of minerals between the mines and the 
railway stations, etc. In this system of rope-transporlation, the buck- 
ets are attached to hangers, with grooved wheels, which travel on two 
parallel lines of fixed wire-rope, or, more recently, of round iron rotls 
as tracks, the buckets being attached at intervals to an endless driving- 
rope. This endless rope passes around horizontal sheaves, at one end 
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of the line provided with driving gear or brakes, as the case may re- 
quire ; and at the other end with some arrangement for keeping the 
driviiig-rope taut. 

At the Mont Cenis Mine, near Dortmund, a self-acting wire rope- 
way, 290 feet long and 45 feet higher at one end, is used to convey 
tailings and waste rock from one of the mines to a dumping- place. 

A ropeway has been constructed to connect the Briloner-Eisen- 
berg Iron Mine with a railroad station at Olsberg, 2.2 miles away. 
The cost of the road, incUiding compensation to land-owners, was 
about $20,000, The capacity of the road is about 90 tons per day, 
and the cost of transportation is 7.2 cents per ton, or about one-fifth 
what it formerly cost. 

A ropeway on the same system is in use at the Keilstein Iron 
Mine in the DiHenberg mining district, carrying ore from the mine to 
the railroad, and bringmg back coal for the boilers. 

At the Mathias Zinc Mine, in Upper Silesia, a ropeway two-thirds 
of a mile In length has been constructed, which runs in a straight line 
to the Upper Silesia narrow-gauge railroad. The cost of lrans|>oria- 
tion, at the rate of 50 tons per day, is 9.7 cents per ton. 

A roj)eway, nearly 3 miles in length, in two sections, has been 
built between the coal mines of the Cons. Johann Baptista Company, 
in Lower Silesia, and the Dittersbach-Glatz Railroad. This ropeway 
not only crosses a deep valley, but makes at the junction of the two 
sections an angle (qy- verticr.l angle?) of 150°. At this |)oint a 10 
H. P. driving engine supplies the motive power. The round iron 
rods forming the track are here, for a distance of about 55 yards, 
respectively 1 J and 1 inch in diameter for the full and empty lines, 
and will sustain loads of 5 and 34- tons. The lengths of rod are 
welded together, and, at distances of no yards, are joined bj' screw 
rauff-coui>hngs of steel. Where the line crosses the valley a wire-rope 
is substituted for the iron rods. The driving-rope is of steel, three- 
fifths of an inch in diameter. The buckets have a capacity of about 10 
cubic feet (or 8^ bushels of coal), or nearly 700 pounds, and are at- 
tached 10 the driving-rope at intervals of 55 yards. The capacity of 
the line is 240 tons per ten hours. The cost was about $27,500, and, 
including all expenses and an allowance of 10 per cent, for a sinking 
fund, the cost of transportation is about 15 cents per ton. 

A Rack.Road on the Riggenbach System has been constructed at 
the Fried richsscgen Mine. The grade of the road follows closely the 
natural surface of the ground, thus lessening the cost of construction, 
and is built in part as an ordinary adhesion road, the rack being used 
only on the slee])est grades. The total grade in a distance about one 
and one -half miles is 384 feet, giving an average grade of i in 2 1 . 4. 
The ruling grade on the adhesion road is i in 20.5, and on the rack- 
road uniiormly i in 10. There is about three-eighths of a mile of rack- 
road in three sections, respectively 88 yards, 390 yar<is, and 182 yards 
in length. The rack is made of two angle-bars, with cross-pieces of 
trapezoidal section forming the teeth, and weighs about no pounds 
per yard ; (ceth, 4 inches a|>art from centre to centre ; diameter of 
spur-wheel, i metre ; curves in rack-roads, 160 yards radius. To insure 
the exact interlocking of the spur-wheel in the rack when the locomo- 
tive passes &om the ordinary road to the rack -road, there is placed at 
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the beginning of each section a length of rack supported on heavy 
spiral springs, with teeth slightly nearer together than the regular 
distance. 

The locomotive differs from the ordinary type in that the power is 
transmitted to the spur-wheel axis by gearing, from which axis motion 
is iransmitled to the drivers by connecting rods. The spur-wheel is 
placed high enough not to strike the rails between the tracks on 
switches anil crossings, and consequently the rack nmst also be placed 
at a corresponding height above the level of the rails. The engine 
can haul lo tons up the grade of i to ao of the ordinary track, or the 
same load on the i to lo grade of the rack-road. 

The cars are side-dumping, built of iron, holding one cubic metre, 
and weighing one ton empty. In some respects their construction is 
unique, ihe chief peculiarity being in the sha|ie of the body, which 
has a curved bottom and flaring sides, so shaped as to facilitate the 
dumping of the load. In dumping, the car-body rolls over sideways, 
the curve of the bottom being of such form that the position of the 
centre of gravity remains at about the same level. 

The highest speed on the ordinary track is six and three-fourths 
miles per hour, and on the rack-road one-half this. Cost of the road, 
less than $20,000 per mile. 

Tlte Electric Liglit is now used to light pit-banks, screens, coal- 
docks, and ihe surface workings. 

Art Illumina/ing Stove is also employed for the same purpose, con- 
sisting of a portable stove with a 16-inch step grate, surmounted by a 
mammoth argand burner, of simple construction. With about j6o 
pounds of coal (bituminous) it will give a bright flame, 7 inches in 
dianieter and about a yard in height, lasting for two hours. 

Fenti/atinff-MacAitics.— Recent tests of the Guibal fan give residts 
which are not altogether satisfactory, as showing a low degree of etti- 
ciency. The Pelzer ventilator, an exhaust fan with screw-formed 
blades on a conical base, shows a high degree of efficiency, and has 
otherwise proved satisfactory. Detailed drawings of this fan are given 
in the paper. Hand ventilators on this plan of construction have proved 
very successful. A fan for ventilating headings and places where a 
teinporary or special air-current is needed is also described and figured. 
The chief peculiarity is in the motor, which consists of a small re- 
action wheel, driven by water-power, and fixed on the axis of the fan 
itself. 

ORE-DRESStHG. 

Mechanical Assays for the Control of Coal-lVashing. — Heretofore 
there have been but two methods of controlling die washing of coal, 
one by the ins]>ection of the coal and waste, and the estimation of the 
amount of slate left in the washed coal and the amount of good coal 
lost in the waste, and the other by the making of frequent ash-deter- 
minations in samples of coal and waste. On account of the presence 
of bituminous shale, and of so-called slate, or slate with varying per- 
centages of carbon, both methods fail to give satisfactory results. By 
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inspection, it is often difficult to distinguish such bituminous shales 
from pure coal, even when they contain a large percentage of ash. The 
difference in specific gravity is not enough to permit the separation of 
these bituminous shales by vanuing in a spoon, pan, or shovel, as in 
the tests made for the control of metal-dressing. Finally, while the 
detenninalion of ash in the washed coal serves to indicate its purity, 
a similar determination, by ignition, of the amount of carbon in the 
waste by no means serves to indicate the amount of good coal that 
has been lost. For example, two samples of waste from the washing 
of a coal showed 48 and 45 per cent, of ash respectively. A mechan- 
ical assay, by the method about to be described, showed in the first 
25 per cent, of good coal, and in the other iz per cent. only. 

Mr. Aug, Erich, a Bohemian mining engineer, has recently pub- 
lished ' a method for die assay of the products of coal-washing and for 
the testing of coals, to determine whether ihey can be washed with 
profit. He uses a series of solutions of zinc chloride of different spe- 
cific gravities : 1,8, 1.7, 1-61 i-S> •■4i i-3Si '-3i ^nd 1.27 respectively. 
By means of these solutions, the coal is divided into nine portions of 
different specific gravity. A determination of the ash In each of these 
at once shows where the line can most profitably be drawn between 
coal and waste, how far it will be possible to purify the coal by 
washing, and the approximate loss which will result from washing to 
any given degree of purity. 

The results of a large number of assays are given in Mr, Erich's 
paper, from which we select the following tests of different samples of 
the same coal as types : 



Above 1.80.. 
1.7010 i.JJo.. 

1.40 to 1.50.. 
i.3S''>i.40.. 

i.27 to 1.30 . 

Slime 



I • 



10.6380.5, 8.S5 4.59|^-S3- 

3.78,43.8; 1.65 0.7247. 3,0. 

0.403s 2 0.14 0.9313450. 

l.33'22.o 0.Z9 i.i3lB.4;o. 

0.9616.1' o.is! l.44!'3-'o. 

S.izl 9.4 0.471 S.77 "'Tlo. 

6.83I 4-5 0,301 10.94 4 60 
61.05 ''^1 0'9^i ^6.29 1. 00. 

6.68| ' ■ 



WuhedCoaL 



671 4( 
50 27.. 
66, 60. ( 



7.3 0-"3| 



i.i8i< 



Columns nurked a in the fttiove table show (he percentage of material, coal or 
ihale, corresponding to the different specific ^avilies, found in (he sample tested. In 
columns i are the results of the aih-determinations in each portion so separated. 
Finally, the ligures in columns c, obtained by multiplying a \>j 6, show the 
amount of the total ash chargeable to each constituent pan of the coa^ the tot J, 
in columns c, being the total percentage of ash in tbe sample. 

For controlling the operations of the wash-house, Mr. Erich uses a 
single solution of stich specific gravity that the pure coal will float and 

,, pp. 473 and 487,' December 16 
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the bituminous shale and slate will sink. The specific gravity of this 
solution will, of course, vary wilh the character of the coal, and will be 
determined by assay, but for genera! purposes a specific gravity cf 
1,5 has been found most applicable. Witli such a solution the fore- 
man can test the coal and waste from the different jigs, and estimate 
closely the amount of coal which is contained in the waste, or the 
slate in the washed coai. Such control is especially valuable when 
the amount of ash allowed is fixed by contract. 

The method was suggested by a paper by V, Goldschinidt ' : " On 
the Separation of the Constituent Portions of a Mineral according to 
their Specific Gravities by Solutions of High Specific Gravity." 

Having experimented with various fluids, Erich concludes that 
zinc chloride is the most appropriate, as it may be evaporated to 1.9 
specific gravity witiiout becoming too thick. Deing somewhat expen- 
sive, it is used for work in the laboratory only, and is mixed with cal- 
cium chloride solution for work on a larger scale, as in a washer. AH 
other salts are either too expensive, as bromides, iodides, etc., or of 
too low a s|>ccific gravity, as magnesium chloride ; while acids and 
other fuming or chemically decomposing agents are naturally inap- 
plicable. 

The chloride is prepared by dissolving zinc scraps, in excess, in 
crude hydrochloric acid, filtering the solution and evaporating to the 
required specific gravity. 

Usually it contains a certain amount of iron, but this does not 
affect the ultimate result to any very appreciable extent, and iron is 
precipitated as oxide after the solution has been used several times. 
It may be precipitated out at once, however, by passing chlorine and 
tlieii adding zinc oxide, and filtering through asbestos or sand. Pre- 
pared in this manner, a litre costs about 0.20 mark, or about 5 cents. 

The specific gravity of the liquid can be determined with sufficient 
accuracy with an aerometer, and the different solutions necessary 
for the laboratory tests brought to the proper specific gravity by the 
addition of water. In diluting, care should be taken to stir the solu- 
tion well, to avoid the formation of basic salts. 

The operations are performed in beakers for fine, and in tubs for 
very coarse grains of coal. The beakers used for accurate work con- 
tain from 500 to 1,000 CO. The author prefers glass cylinders, 20 ctni. 
high and 8 ctni. in diameter, as being less fragile than beakers. 

The coal is first washed to remove the slime, which may be dried 
and the ash determined, and then (lro|}ped into the heaviest solution. 
That portion of the, coal which is heavier than the solution at once 
sinks to the bottom. The portion which remains floating on ihe liquid, 
is then removed by a siK)on of 100 mesh wire gauze, drained thor- 
oughly, and placed in the next heaviest solution, and the same oper- 
ation being performed for the eight beakers or cylinders, one more 
product is produced than the number of solutions used. The sedi- 
ments are caught on a skimmer, washed by decanlation, dried, and 
weighed, and finally ignited and the ash determined. 

The weight of coal used, is from 500 to 1000 grammes. For fine 
grains and slimes, much less. The time employed for coarser vari- 
eties (500 grammes, in four beakers), is from ten to twelve minutes ; for 

■ Mr. Goldschmidt used a series of solutions of i part KI to 1.24 Hg I| in water, 
with specific gravities of 3.196 to i.o. — Neues Jobrb. f. Min. BeU., B. i, p. 1S3, 
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fine grains itata a quarter to half an hour. For one solution, two to 
three niioutes, excluding weighing and drying. 

The assay of slimes is most conveniently made in a burette, a 
single solution of mean denatty being used, and the sediment being 
drawn off at the bottom by means of a stopcoclc or pinchcock with 
an opening of sufficient size. 

In making tests of tailings from jigs, or of the washed coal, the 
size of the grains of coal, and the proportion of undersized material 
in the waste, or of slate in the coal should be noted, as this will in- 
dicate whether the preliminary sizing of the coal has been properly 
effected. 

While it is found that, as a general rule, the amount of ash increases 
in direct proportion to the density, still this is not always the case, 
owing to the presence of included gases on the one hand, or heavy 
minerals on the other, such as blende, galena, pyrites, etc., which 
aJTect the specihc gravity of the coal. 

This method of assay is not applicable to ores, as solutions of the 
required specific gravity (3.0 to 5.0) cannot be obtained. A melted 
mixture of platinum chloride and zinc chloride, proposed by Brton 
(CoMptes ReuduSy xc, p. 626), though perhaps usefid for scientific ex. 
|>eriments would be inconvenient for trade work. K. N. 

Civil Enginekrinc. — Progress Abroad during 1S81. 

The Bavarian Cffvernment has been conducting a series of inter- 
esting eKperiments on the resistance of curves to motion on railways. 
The principal conclusions so far are as follows : Roliing-stock of the 
same construction and weight afford resistances varying to a very con- 
siderable extent, due to irregularities and the amount of wear. The 
coefficient of resistance diminishes with increasing load. Locomo- 
tives have a higher coefficient of resistance. The resistance of all 
rolling stock increases with the speed, this increase being greater than 
in direct proportion, t'or a straight track the following empirical for- 
mulas were determined : for cars, p=o.oo25-t-o.oooooo2iV' ; for lo- 
comotives, ();=o.oo5o-t-o.oooooo2iV', p being the coefficient of re- 
sistance, and V the velocity of motion in kilometres per hour. If 
the increase of resistance, due to a curve, is considered as an addi- 
tional resistance over and above the constant resistance of a straight 
track, as determined by the above formulas, this additional resistance 
is independent of the velocity of motion. For the coefficient of the 
average additional resistance due to a curve ; ws= 'l," ° * , R being 
the radius of the curve in metres. A narrowing of the gauge by half 
or more unexpectedly increosetl the resistance. The additional re- 
sistance due to a curve of 150 metres radius was diminished 43 per 
cent, by wetting the rails with water. 

The German Government possessed, January i, 1880, about 
188,480 miles of main-line railroad, of whldi 6,059 I'il^s were double 
track ; of branch roads 1,590 miles were in operation, of which So 
miles were narrow-gauge. 

The Ratiroad, or Inclined Plane, on the slope of Mount Vesuvius 
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was opened for traffic, June, 1880. The chief difficalty in construc- 
tion was the unstable nature of the slope, being chieflj' loose sand, peb- 
bles, scoriie, etc The track is laid on longitudinal timbers, supported 
by ties and diagonal braces. Sliding is prevented by walls built some 
distance apart. There are two cars, holding twelve persons each, and 
built in steps, one descending while the other ascends. 

It is proposed to dig a canal from Paris to the De|>artments dn 

Nord and Pas-de-Calais to develop the coal-deposits of those counties, 
their production for 1878 having been seven million tons, or two-fifths 
of the entire production of France. Its construction will involve a 
tunnel 4,544 tnetres long; its total length being about ti6 miles, of 
which 30 miles are taken from other canals. The canal is to be z 
metres deep and can be deepened to 2.5 metres. The approximate 
cost is estimated at $21,000,000. A tonnage of four millions is ex- 
pected, which will place the freight at from 37 cents to 50 cents. 

// is also proposed to build a canal through Southern France to 
connect the Atlantic Ocean with the Mediterranean. The depth is 
to be 8.5 metres. The locks double, one of it metres and the other 
of 25 metres breadth and 150 metres long. 

The annual receipts of the Suez Canal are about $3,400,000, of 
which one million is spent on repairs. The original outlay was $94,- 
500,000. K. N. 

Tripolith, a substance sold in Gei*many as a cement, has been 
found, by Petersen, to consist of an impure sulphate of lime mixed 
with carbon, about 75 per cent, of the former to j 1.5 per cent, of the 
latter, the remainder being carbonates of lime and magnesia — about 
4 per cent, of each, together with small amounts of sand, oxide of 
iron, water, etc. Tests made with it showed it to afford a cement 
having but about one-third the strength of Portland cement, and, 
moreover, in the course of a few months it lost strength, — Ber. Deuts. 
Chem. GeselL, 1881, p. 236r. E. W. 



Analytical and Applied Chemistry. 

On Filtration with Bunsen Pump. — An excellent substitute for 
the expensive platinum cone generally used (or rapid filtering at 
the Bunsen pump, is a piece of strong linen cut in the shape of an 
ordinary filter-paper. It has the advantage of fitting snugly into the 
funnel, and of filtering much more rapidly. It is iti universal use in 
Prof. Hofmann's laboratory. P. N. 

Reduction of Copper-Foil for Nitrogen Determinations. — The te- 
dious and expensive operation of reducing copper-foil in a current of 
hydrogen, is avoided by heating the foil in a long flame, and, while 
red hot, dropping it into a test-tube containing two or three drops of 
mcthylic alcohol. The foil is then dried at 100° in the test-tube. 
Percy Neymann, Ph.B. 
Berlin, January 6, 18S3. 
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For Volumetric Determination of Chromium and Manganese in 
ores, E. Donaih uses a strongly alkaline solution of permanganate. 
The reaction on a hot solution of Cr,0, and MnO comi>ounds in the 
case of chromium is then : 

K,Mn,0, + Cr,(HO).+ 2 KH0=2 K,CrO.+2 MnO,+4 H,0. 
For manganese it is : 

3 MnSO, + K,Mn,0,+4 KHO=S MnO, + 3 K,S0,+2 H,0. 

The presence of ferric iron or of alumina does not interfere. The 
end reaction is of course the same as in the titration of iron by Mar- 
guerite's process. — Ber. Deuts. Chem. Gesell., r88i, p. 982. 

Assay of Cupriferous Blende.— The Ckemieal News gives the fol- 
lowing method for assaying cupriferous blende by R. Monger, of 
Swansea ; \ gnn. of the blende is taken and treated with aqua regia 
and evaporated ; it is remoistened with hydrochloric acid, lo to 20 c.c 
of ammonia added, and the iron filtered off and washed. The filtrate, 
which is now about 200 to 250 c.c. in volume, is acidified with hydro- 
chloric acid, heated, and placed in a porcelain dish ready for burelling 
with ferrocyanide of 0.01 strength. To the solution of zinc and cop- 
per, enough sodic sulphide solution is added to precipitate the whole 
of the copper and leaving a little excess ; then the buretting with fer- 
rocyanide, and uranium acetate as indicator, is proceeded with. In 
some experiments, he took a non-c«priferous blende and weighed out 
six samples into three, to which some sulphate of copper soUuioii 
equal to two and a half per cent, copper in the blende was put. Pro- 
ceeding with them as above explained, perfectly concordant results 
were obtained.— ^H^w^^r/'/i^ and Mining Journal. 

Separation of Lead Sulphate and Silver Salts from Silicic Acid. — 
Very frequently in the analyses of silver and lead ores, the chemist 
will have cases presented where the percentage of cerargyrite and 
anglesite is quite large. This is especially true in connection with 
lead-snielling works, now quite numerous in Colorado, Utah, and Ne- 
vada. In most cases, for the control of the smelting operations a de- 
tennination of the percentage of iron and silicic acid will be found 
sufficient. In large works the chemist may be called upon to make 
from six to twelve silica determinations per day, owing to the many 
kinds and the amount of ore to be treated ; which amount will vary 
from seventy-five to two hundred tons in twenty-four hours. It will 
therefore be seen that rapidity, combined with accuracy, is the great 
desideratum. 

There has been published, however, no good and practical method 
for the elimination of large quantities of the sulphates of lead and of 
silver salts from silicic acid. We are therefore led to detail the mode 
of procedure we have used for a long time, and with most excellent 
results. 

Take one-half to one gramme of ore from the " Assay Sample " 
and weigh out first, roughly, the requisite amount. Inasmuch as the 
assay sample (representing an average of from twenty-live to two hun- 
dred tons ore) has only a sufficient fineness to pass through an eighly- 
mesli sieve, we transfer the amount roughly weighed out, directly to 
an agate mortar, and finely powder. Next weigh accurately the 
amount to be used, and transfer to a glass-covered casserole. Pour 
upon the ore 15 to 25 c.c concentrated hydrochloric acid; place 
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upon a vater-bath, and, at the ex|)iration of from three lo five minntes, 
the carbon dioxide and chlorine (in cases of maTiganese ores) will be 
expelled, and no violent action ensnes — the portions adhering to the 
glass cover are washed into the casserole, and the cover removed. 
Evaporate to dryness. GeBcrally the first evaporation will be found 
sufficient, and sometimes it is not necessary to evaporate at all, when 
no soluble silica occurs. After evaporating, add about lo c.c. con- 
centrated hydrochloric acid, warm, and then add hot water until three- 
fourths of the casserole is filled, cover, and add directly one or two 
pieces of zinc. We have now a number of chemical reactions ensn- 
ipg, which number, of course, varies according to the purity of the ore; 
all of the reactions, however, serve to make the determination of the 
iron and silica more accurate and far more rapid. 

The iron will soon be reduced to a prutochloride, and a portion of 
the arsenic and antimony will be eliminated as arseniuretted and anti- 
moniuretted hydrogen ; the remainder of the antimony will be precii»- 
tated in the metallic state upon the zinc. 

I'he lead sulphate is decomposed, forming metallic lead and zinc 
sulphate. 

The chloride of silver is qnickly decomposed into metallic silver 
and zinc chloride. Several other chemical reactions will ensue, but 
however, not pertinent to the subject-matter under consideration, as, 
for example, the deposition of metallic copper upon the zinc. 

We have now lead, silver, antimony, and copper in the metallic 
state, mingled with the silica; and the iron in solution as a proto-salt 
Filter, wash until filtrate shows the presence of no chlorides. The 
iron is estimated in the filtrate with potassium permanganate, after 
diluting largely (750 to j,ooo c.c), and the addition of 20 c.c. concen- 
trated sulphuric acid. The above ]>recaution is necessary when 
manganese is present, or where the titration is performed in a hydro- 
chloric acid solution. We are prepared to stale that, by observing 
the above precautions, scientific accuracy may be attained. 

Nitric acid (sp. gr. 1.2) is poured ii)K>n the filter residue, which 
readily dissolves the lead and silver, also the copper, if present. After 
removing the nitrates by hot water, the silica, with filter-paper, is 
transferred to a porcelain crucible, gently dried, then ignited as 
usual. 

It will be seen that while we have detailed a method by which the 
lead and silver salts may be eKi>editiously removed from the silica, 
thereby greatly increasing the purity of the residue, yet we still have to 
contend with aluminium silicate and bariimi sulphate. We are free to 
confess, we know at present of no way in which these difiicullies may 
be practically obviated. Fusion with so<lium carbonate is wholly im- 
practicable, when BO many assays have to be made ; the expulsion cH 
the silica by means of hydrofluoric acid, in a platinum cnicible, is per- 
haps the nearest approach we have for the solution of this very vexing 
problem. 

In very many districts throughout the Western States, neither clay 
nor barite is found to contaminate the ores in an appreciable quantity ; 
but the presence of much lead and silver are exceedingly liable to give 
analytical errors ; in the obviation of which, we have found the above 
method invaluable. 

M. W. ILES. 

Ukant Smelting Co., Leadville, CoL 
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ALEXANDER L. HOLI.EY. 

Ik the death of Mr. Holley, the School of Mines has lost the ser- 
vices of a man remarkable in many ways, possessing traits of character 
and accomplishments rarely united. A man of quick and accurate^ 
perception, of ready resource and remarkable ability, he added to 
genius most untiring industry. A student, and an originiil investiga- 
tor in the field of science, a man of affairs, he was also an accom- 
plished scholar, a brilliant speaker, and socially a most charming Triend 
and companion. 

Mr. HoUey's eventful career has been described at length in the 
columns of the professional papers and magazines. A graduate of the 
scientific department of Brown University, his first work was in a 
railroad machine-shop, and afterward as a locomotive engineer, in 
which employments he laid the foundation of that practical knowledge 
of machinery, and the details of railway management, which con- 
tributed so much to his success in later years as an engineer and as 
an author of standard works on railroad practice. 

Mr. HoUey's name has been so intimately connected with the Bes- 
semer process in this country, that in this place a mere mention of this, 
the work of the last eighteen years of his life, will suffice. One of his 
co-workers in this field, in a paper read before the Institute of Mining 
Engineers, says that it is " mainly through his inventions and mudifi* 
cations of the plant, that we in America are to-day enabled to stand 
at the head of the world in respect of ainoimt of product." 

Mr. Holley brought to his work in the School of Mines, in his lec- 
tures on the " Practical Metallurgy of Iron and Steel," the same thor- 
oughness of preparation, logical arrangement of subject-matter, and 
clearness of presentation that distinguished his professional writings. 
Not content with the simple delivery of this most admirable course of 
lectures, he recognized at once the defects of the lecture system as a 
method of instruction, and spared neither trouble nor expense to in- 
crease their permanent value to the student. To insure that their 
notes should be as complete as possible, he prepared an outline or ab- 
stract, giving the salient points of each lecture, copies of which were 
furnished each member of the class. His lectures were illustraied 
with large diagrams copied from working drawings, and photo-titho- 
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gra]}hic co|>ies of these Oiagrains, prepared at consJderaljle personal 
expense, were also presented to each student. With these abstracts 
and illustrations the student could follow with profit Mr. Holle/s lec- 
tures, in spite of his ra]>id delivery, and his concise, almost epigram- 
matic presentation of the subject, in sentences thai admitted of no 
condensation. 

From Dr. Raymond's eloquent tribute to the memory of his friend, 
we talce the following sketch of the last year of Mr. HoUey's life : 

"A year has |Xissed-^for him, another year of ze.il and activity, in 
spite of recurring weakness ; a year in which, thougli he struck into 
*no new line of inquiry, he i)erformed some of the best professional 
work of his life, and perfected what may hereafter be recogcn/ed as his 
greatest invention. We refer to the movable converter-shell — an im- 
provement in the Bessemer plant which bids fair to rank with the 
movable converter-bottom, and to carry to the utmost limit the pro- 
ductive capacity of the Bessemer process. It was while he lay des- 
perately ill in I..ondon that he conceived the idea of this invention, 
and told a friend who called upon him, that he had ' been thinking, to 
pass away the time,' and had thought of sojnething which would en- 
able ' him ' to die with credit ! ' This humorous remark expressed a 
constant characteristic of his mind. His occupation as a consulting 
engineer, of detecting the weak points in methods and means, and 
sujjgestiug the best remedies ; of hunting u]> ' good things ' and recom- 
mending them to his clients, was in exact consonance with his disi>o- 
sition. It enabled him to be constantly helping somebody. 

" We cannot now lament that this year of fruitful activity on his 
pirt was not rather a year of rest. His impulse was wiser than the 
prudence of those who would have bid him forbear. For the autopsy 
performed since his death has shown that the malady under which he 
had already suffered, and which had puzzled the doctors, was incura- 
ble in its nature, and, we may fairly say, not directly traceable to 
overwork — a tumor obstructing the gall-duct, and producing many 
apparent symptoms of liver disease. He was attacked during a pro- 
fessional journey in Belgium, early in the autumn, with chills and 
fever, which he ascribed to the malaria of the low countries. In spite 
of the obstinate persistence of this trouble, he managed, before finally 
breaking down, to finish the work he had laid out in England and 
Scotland. Then he laid aside for the last time the pen and iiencil 
that had done such splendid service — and the rest of the story is but a 
monotonous record of patient endurance, heroic courage and cheer- 
fuhiess, unselfish thought for others, and a calm and absolutely unaf- 
fectedly fearless reception of the death-message." 
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Ik the last number of The Quarterly allusion was made to the 
" Report of theDirector of the Mint upon the Statistics of the Produc- 
tion of the Precious Metals in the United States." The fvill title was, 
however, not given, and it has been learned that those who followed 
our advice and wrote for the document received not this report but 
another. To such, we would advise another attempt, as both reports 
are worth having. 

A REGULAR meeting of the Chemical Society was held on Thursday, 
January 12th, in Prof. Chandler's lecture-room, the president in the 
chair. After the regular routine business, a new method for the 
quantitative estimation of chromium in chromic iron ore was discussed 
by Mr. C. A, Wittmack {'8a). The meeting then adjourned. 

A SLIGHT change has recently been made in the method of report- 
ing the results ot the monthly examinations in the department of 
mathematics. Heretofore it has been the custom to post on the 
bulletin board the mark received by each student. Now, however, 
only the marks of those receiving below 6 are posted, leaving the 
Others in a more or less pleasant state of uncertainty as to their vicin- 
ity to "6." This method renders a low mark doubly conspicuous, 
but it remains to be seen whether it will have any effect in raising the 
standard of scholarship. One of its effects will probably be to lend a 
feeling of security to students on the verge of (inal failure, which could 
easily have been avoided had they known their danger. 

At a recent meeting of the Faculty it was decided to drop from 
the roil the names of all students having unfulhlied conditions, and_ 
who could present no satisfactory excuse for such delinquency. To 
be thus summarily dropped is a calamity to any student, but it is felt 
with especial severity by those who have reached the fourth year, and 
have got, as has been aptly said, " within smell of Commencement," 
Nine of the fourth class students are in this dilemma, and to express 
their sincere sympathy and willingness to aid them the rest of the class 
promptly met and appointed a committee to draw up a petition for 
extra examinations, setting forth as strongly as possible the extenu- 
ating circumstances. Most of the conditions are in stoichiometry, and 
most of the conditioned are among those pursuing the chemical course. 
The petition was signed by the class and submitted to the Faculty. 
The arguments and extenuating circumstances detailed in the petition 
were acknowledged by that body, and a resoluuon was passed giving 
the delinquents another and a last chance to pass their examination 
the first week in March, 

In the matter of discipline it has not heretofore been the policy of 
the Faculty to administer correction by any of the usual milder forms 
of punishment, reprimand, suspension, etc. The theory has been that 
the students of a professional school, being engaged in the work of 
preparing themselves to earn their living as chemists, geologists, or 
engineers, will not wish or permit that work to be hindered or inter- 
rupted by disorder. Recent occurrences seem to indicate, however, 
that even the best and most earnest students need sometimes to be 
protected against themselves. Skylarking and practical buffoonery may 
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be a good thing in a board of bn^ers, to relieve and divert the mind 
for the moment from the worry of bu^ness, but it is clearly out of 
place in a laboratory or other work-room, where the upsetting of a 
beaker, or interruptioa in the soUukin of a problem, may undo the 
work of hours. 

The New School of Mines Building. — It has finally been 
recognized by the trustees of the College that the School of Mines has 
outgrown its present accommodations, and it has in consequence been 
decided to replace the present Fourth Avenne building by the ereclioa 
of a new and larger building in its place. This decisiiHi has been has- 
tened by a discovery, which was made in December, that the Fonrth 
Avenne wall of the old building is several inches out of plumb. The 
great weight of the geological collections on the top door, and of the 
mineralogical and metallurgical collections on the floor below, made it 
hazardous to allow the building to remain in this condition, and steps 
were at once taken lo make the wait secure with heavy tie-rods reach- 
ing from wall to wall, and at the same time the floors were strength- 
ened by additional posts on each story. It has now been decided to 
tear down this building as soon as the collections can be removed, and 
begin at once the erection of the new building. The wing, erected 
in 1874, at the sonth end of the Fourth Avenoe building, and con- 
taining the lecture-rooms of the Geological and Chemical Depart- 
ments and the Metallurgical laboratories, will not be torn down, but 
is to receive two additional stories. The old building between this 
wing and Fiftieth Street, built for the School in 1867, is to be re- 
built and made wider, and five stories in height instead of three. The 
basement, besides the store-rooms, will contam a large cloak-room, and 
an addition to the assay laboratory. The hrsl floor will be occupied 
by the Museum of Applied Chemistry, and the second by the Depart- 
ment of Mineralogy and Metallurgy, as at present. Tlie third Hoor 
will be occupied by the Department of Architecture, the fourth floor 
by the Engineering Department, and the top floor by the Geological 
Museum and lecture-room. The allotment of floors, above given, 
is, however, likely to be changed, the Department of Architecture 
taking the top floor and the Geological Department the third story. 
In consideration of the fact that three classes in the School of Mines, 
besides students from the college, attend Pr<rfessor Newberry's lectures, 
while the students of architecture are, as yet, few in number, this 
latter arrangement will certainly suit the convenience of the greatest 
number. 

The plans also contemplate a wing on Forty-ninth Street, occu- 
pying the site of the president's house, and extending from there 10 
Fourth Avenue. It is, however, doubtful whether this wing will be 
built at present. The architect of the college, Mr. Haight, is now at 
work on the plans for the new building, which will probably be com- 
pleted and submitted to the faculty and trustees for their approval 
within a few weeks. In such case we hope lo be able to give our 
readers a more detailed description of the new building in our May 
number. 

The history of the building about to be demolished is intimately 
connected with the early history of the school. During the first year 
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of its existence, under Professors Egleston, Vinton, and Chandler, the 
school was lodged in two rooms in the basement of the old college 
building, the trustees having appropriated $500, and friends of Ihe new 
undertaking $3,000, toward Ihe fitting-up of a laboratory, with accom- 
modations for twelve students. On the opening day, November 15, 
1864, twenty-five men applied fbc admission, and befoee the end of 
the first year there were forty-eight in the schooL The nnexpected 
success of the undertaking, and the representations of President Bar- 
nard, who, from the beginning, gave the school most cwdial endorse- 
ment and hearty co-operation, decided the trustees to assume the re- 
sponsibility of providing for the financial support of the undertaking, 
not only through the current year, but also through the year ensuing 
— its further peniianence to be dependent on the result During the 
second year, therefore, appropriations were made for this schotJ in the 
same manner as for other departments of the institution, and salaries 
were assigned to the professors. 

The unexpected success of this first session encouraged the trus- 
tees to enlarge the accommodations of the school, which they did by 
appropriating $30,000 to lit up for its uses a building 70 by 30 feet in 
dimensions, on the college grounds, which had been previously used 
as a wall-paper factory, and providing room in the laboratory and 
drawing academy for seventy-two students, (This old ]iaper factory 
was torn down in 1874 and replaced by the present Fiftieth Street 
School of Mines building.) The second year of the school, 1865-66, 
eighth-nine students were admitted, and the accommodations once 
more proved to be inadequate. At the close of the second year the ex- 
periment was pronounced a success, and other appropriations, amount- 
ing to $70,000 in all, were voted for the construction of a new build- 
ing, the purchase of a complete equipment, and the estimated current 
expenses of the third year. Of this amount, $zo,ooo was expended 
in the building now about to be torn down, which, in view of the rapid 
growth, was made as large as could be bi^ilt for the money, no feet 
long by 30 feet wide, or nearly double the size of the old paper fac- 
tory. 

These two buildings served till 1874, when again the school found 
its quarters too small, and the trustees found themselves obliged to 
provide additional acconmiodations. The demolition of the old paper- 
factory was therefore ordered, and the erection of the present Fiftieth 
Street building authorized. The cost of this building and its equii> 
ment was about $150,000. 



BOOKS ADDED TO THE SCHOOL OF MINES LIBRARY 
SINCE DECEMBER, 1881. 



MATHEMATICS AND ENGINEERING. 

Colyer, Frederick. Hydraulic, Steam, and Hand-Power Lifting and Pressing 
Machinery. 8vo, iio pp., 73 drawings. London, 1881. 

City of New York vs. Tilly Foster Iron Mine. Snpteme Court. Application of 
the Mayor, Aldermen, and Commonatty of [he City of New York to take 
Lands in Putnam County for a Storage Reservoir. 8vo, 1875. 
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GoTSucIi, Robert B. The Mexican Southern Railway. 3vo, 25 pp. New York, 
18S1. 

Lavoisine, £. , and E. Pontzen. Les Clicmins de Fer en Am^rique. 8vo, and 
Atlas, 4to. Paris, 18S0. 

Ncisen, Heyer M. Sliort- Hand Arithmetic ismo. New York. 

Notes OD Building Consiiuciion. Arranged by the Commiitee of Council on Edu- 
cation, Soutli Kensington. 3 vols, Svo. London, 1S75. 

Reports on Pum ping-Engines. By Wm. E. Worthen, C.E., and others. Water- 
works of the Cities— Brooklyn, Hartford, Belleville, Cambtklge, Lynn, Mil- 
waukee, Lawrence, and Lon^ Island City. 1857 to 1877. 

Reports to the New York Commissioners of Docks. By Gen. John Newlon, Gen, 
Q. A. GUlmore, and Wm. E. Wortben, C.E, 8¥o. New-York, 1876 and 
1881. 

Schlockow, Dr. Die Gesundheilspfl^e und medicinische Slatistik beim Preussiscb- 
enBergbau, " ^ .■ .^^ 

wing, George 
1S79-1881. 

CHEMISTRY AND PHYSICS. 

Bertholet, M. Essai de M^anique Chiniique, fondee sur la Thermochimie. i 

vols. Svo. Paris, 1S79. 
Elliott, Arthur H. An Apparatus Tor the Rapid Analjsia of Mixtures of Gases. 

Svo, 8pp. New York, 1881. 
Oamgec, Arthur. A Text-Book of the Physiological Chemistry of the Animal 

Body. Vol. I., Svo, pp. 487. London, i88a 
Remsen, Ira. Report on the Impurity of the Boston Water-Supply. Svo, 23 pp. 

Boston, iSSl. 



GEOLOGY AND NATURAL HISTORY. 

Dana, James D. Geological Relations of the Limestone Belts of Westchester 

County, New York. Svo, 119 pp. New Haven, 18S1. 
Newberry, J. S. The Genesis and Distribution of Gold. Svo, 14 pp. New 

York, 1881. 
Paetel, Fr. Motlusconim Systemaet Catalt^us. Svo, 119pp. Dresden, 1869. 



JOURNALS AHD TRANSACTIONS (NEW). 

Institution of Mechanical Engineers 34 vols. Svo, and index voL 1847-1881. 

Science Observer. Vol. 3 (Serial). Boston, 1881. 

The Observatory. A MontMy Review of Astronomy. Vols, i to 4. London, 
1873-1881. 
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The Alumni Dinner. — The Twelfth Animal Reunion of the 
Alumni Association of the School of Mines took place at the West- 
minster Hotel, on December 39th. It was one of the largest and 
most successful meetings ever held, and was thorouglily enjoyed by all 
present. Having assembled in the parlors of the hotel, the members 
afterward adjourned to the dining-room, where they did justice to the 
many delicacies set before them. The meeting having been called to 
order by the President for the year 1882, J. P. Carson, '68, resolutions, 
deploring the untimely death of our fellow-graduate and late President, 
Archibald MacMarlin, were adopted on motion of W. A. Smith, '68, 
who gave an account of tlie sliort and useful life of the deceased, and 
the many sterhng qualities which endeared him to all who knew him. 
Upon motion of P. de P. Ricketts, '71, a committee of three were ap- 
pointed to draft resolutions commemorative of tlie members of the 
Alutnni who have died during the year : Archibald MacMartin, '68, 
H. G. Clark, '77, and O. F. Olmsted, '78. 

The first regular toast of the evening, The "School of Mines Quar- 
terly," was answered by H. S. Munroe, '68, who described in concise 
and appropriate language the sco])e and aims of the Quarterly. 
This toast was followed by a vivid description of "The Coast Range, 
and What I Know about Beans," by B. B. Lawrence, '78. Some 
" points " on " astronomy " were elucidated by the Director of the new 
Observatory, J. K. Rees, '75. P. de P. Ricketts, '71, spoke at length 
in response to the toast, " The Alumni Association," referring to the 
present reunion and the work and future of the Association. Mention 
was also made of the large number of members present. 

Quiet having been restored in the ''laboratory " by the efforts of 
A. L. Colby, '8r ; A. D. Churchill answered to the toast of '80, and 
W. H. Van ArsdaJe, '68, gave a detailed account of "Rocks and 
Chinamen," aided by the President. A. H. Elliott spoke at great 
length on " Gas Analysis, Petroleum, and the Class of '81," K.. Nef- 
tel answered for the Class of '79, F. G. Wiechmann, 'Si, made a few 
impromptu remarks in response to the toast to his class. 

Elwyn Waller, '70, spoke on " Chemistry" in great detail. "The 
Class of '79 and the Study of Geology " were commented upon by 
N. L. Bntton. Next followed speeches by E. M. Parrot, '70; J- B. 
Mackintosh, '77 ; A. L. Beebe, '80, and several others, on the " Quar- 
terly " and various other topics of interest. The resident secretary, 
P. de P. Ricketts, '71, then announced that he had received a great 
many letters, only a few of which could be read, owing to the a<lvanced 
hour. 

It was greatly regretted by ^11 present that Prof. Trowbridge, the 
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invited guest of the evening, was absent. The following is a list of 
the officers for 1882 : 

President, J. P. Carson, '68. 

First Vice-President, Wm. H. Van Arsdale, '69, 

Second Vice-President, J, K. Rees, '75. 

Third Vice-President, K, NEfTEL, '79. 

Fourth Vice-President, A. D, Churchili, '80. 

Fifth Vice-President, A. L. Colry, '81. " 

Treasurer, W, E, Hildreth, '77. 

Secretary, H. S, Munror, '68. 

Res. Secretary, P, dk P. RiCKEitS, '71. 



MEUORIAL RESOLUTIONS. 

The Alumni Association of the School of Mines of Columbia 
College, wishing to place on permanent record their appreciation of 
the worth of three of their number who have been removed by death 
during the year 1881, and their sense of bereavement iu the loss which 
they have sustained, do adopt the following resoUiCions : 

iVkereas, II has pleased the Almightj Father of us all to remove from us by 
death, during Ihe pas! year : 

Archibald HacMartin, oT the Class of 1868; Henky Gubert Clark, of 
the Class of 1S77, and Owen Freuerick Olmstrd, of ibc Class of 187S. 

Rnol-Bfd, That we, as an assocJatioD, while recognizing in all the events of 
life the band of an all-vise Providence, do us men deeply deplore our loss, and 
have heartfelt regret in the thought tliat n-e shall never see again, in our midst, the 
familiar faces of these out former associates. 

Ravb'ed, That in the record which each one of these, our associates, has 
left behind him^ — botli as a student and as a mitQ — we see cause to congialidate our- 
selves in having been so closely associated with men of high character, earnest pur- 
pose, and snccessfnt achievement. 

Resob/td, That in the memory of those who have left us, out Association has 
a precious treasure, which should serve to \a, and (hose who come after us, as an ex- 
ample of industry and loyalty, and as aa incentive to labor and usefulness. 

Setolvid, That we respectfully tender to the relatives and friends of the de- 
ceased the expression of our cordial sympathy iu the more personal toss whidi has 
been theirs. 

Renlved, That the>e resolutions be published in the next nnmber of the 
School or Mines Quarterly. 

WiLUAU Allen Smith, '68, 1 

Charles Louts Constant, '77, > CvmmiUee. 
Charles Edward Munsell, '78, ) 
New York, Junai; 11, iSSa. 



For lack of space we are compelled this month to omit the iisnal 
extracts from our graduate correspondence. The following list, how- 
ever, gives the address and occupation of each graduate of the School 
so far as known. This list will be published again in tlie May num- 
ber of the Quarterly, and it is to be hoped that all concerned will 
send us word as soon as possible of changes of address or other cor- 
rections which should be made. 
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LIST OF GRADUATES. 



C«L 

Samuel WilUrd BrLdgharo, E.M., 49 Wrat Twenty-third Street, New York City. 
Fr*ncis Gordon Biown, E.M., Merchant, 116 East Twenty •■eventh Street, Ne<iT 

Yorlt Ci(y. 
Edward Stetle Branson, A.B., A.M., E.M., Prospect Paik, Brooklyn. Honse, 

144 Hiclta Street. 
John Adams Charch, E.M., Ph.D., Superintendent Tombstone Mill and Mining 

Co., Tombstone, Arizona. 
Henry Bedinger ComwAll, A. 11., A.M., E.M., I^oressor of Analytical Chemistry 

and Mineralogy, Collie of New Jersey, Princeton, N. ]. 
Edward Everett Giddiiie«, E.M., Merchant, 11 Metropolitan Block, Chicago, 111, 
Charles King Grocie, A.B., E.M., Con«ultm|; Engineer, with J. A. Churdi, 115 

Boreel Bailding, Bnnilway. New York City. 
Albert Ward Hale, A.8., A.M., E.M., Civil and Mbinc Engineer, 71 Broadway, 

New York City, 
Thomas Hayes Hartner, A.B., A.M., E.M., 113 East Thirty-seventh Street, New 

York City. 
Frederic Milton Heath (formerly Petit), E.M., Potsdam, Saint Lawrence Connty, 

N. Y. 
William Wey Tnttle, E.M., Horlicnlturiit, care of Baird & Tntlle, Blaominelon, 

IlL 
David Van Lennep, E.M., County Surveror and Auayer, Winnemucca, Humboklt 

Coimty, Nevada. 

1868. 

William Henry Van Arsdale, A.B., A.M., E.M., Consulting Engineer, 16 Ex- 
change Place, New York City. 
Augustus Porter Barnard, E.M., R. R. Engineer, Sanford, Orange County, 

Florida. Address care of D. Van Nostrond, 33 Murray Street, New York 

City. 
George Strong Baxter, A.B,, E.M., Mining and Civil Engineer, Cashier, North 

Pacific Railroad, 13 Fifth Avenue, New York City. 
James Pettigrew Carsun, E.M., Mining Engineer; address, 83 Broadway, New 

York City. 
Albert Huntington Chester, A.M., E.M., Ph.D., Child* Professor of Agricultnral 

Chemistry, Hamillon Collej;e, Clinton, Oneida Cuunty, N. V. 
George Hampton CouDien, E.M., C.E., 307 Greenwich Street, New York City. 
George Jarvis Geer, Jr., E.M., Merchant, 4.53 Broome Street, New York City. 
George Byron Hanna, A.B., E.M., Melter, U. S. Assay Ufhce, Charlotte, N.C. 
•Archibald MacMarib, A.B., A.M., E.M., Editor and Metallui^itl, 168 Fifth 

Avenue, New York City. Died in New York City, May 7, 1881, 
Edward Stewart MoHati, A.B., A.M., E.M., Sapetinlendent of the Musconet- 

cong Iron Works, Stanhope, N. J. 
George Howland Parsons, E.M., Superintendent of Land Improvement Company, 

Colorado Springs, Col. 
William Pillor, E.M., Hamilton & Pistor, Architects, 35 Broad Street, N^York 

City. 
Charles Slason Piatt, E.M., Assayer, 4 Liberty Place, New York City. 
Kenneth Robertson, E.M., Superintendent of the Missouri Furnace Company. 

Address, care of Potter & Riggs, St. Louis, Mo. 
Albert P. Shack, E.M., Ministry, 34 Somerset Street, Boston, Mass. 
Frederick Augustus Schermerhorn, E.M., Trustee of Columbia College. Address, 

61 Univenity Place, New York City. 
Lenox Smith, A.B, E.M., Steel Raits, 46 Pine Street, New York City. 
William Allen Smith, E.M., Manager of the Weldon Mining CompMiy, Dovei, 

N. J. Addren, 16 Exchange Place, New York City. 
Frederick Stallknecht, E.M., Editor, 133 West Thirteenth Street, New Yofk Cily. 
Moses Dillon Wheeler, A.B., E.H., P. O. Box 331, Sl^eton, Richmond Connty, 

Stat en Island. 
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■ Thomas Monaban Blouom, A.B., A.M., E.M., died, October, 1876, in Call- 
Frederick Bruckman, E.M., Auayer to the Amie Consolidation Company, Lead- 

ville. Col. 
Alonzu Clarence Campbell, E. M., Chemist and Mining Engineer, 337 Shelby 

Avenue, NashviUe, Tenn. 
William Augu&lus Hooker, A.B., A.M., E.M., Consulting Geologist and Mining 

Engineer ; office, 3 Will Sired, New York Cily. 
Roland Duer Irving, A.M., E.M., Ph.D., Profeisor of Geology and Mineralogy 
in the University of Wisconsin, Assistant State Geologist of Wisconsin, and 
Special Agent of the Tenth Census of Exploration of Lake Superior. 
Walter Proctor Jenney, E.M., Ph.D., Consulting Engineer and Geologist, Dead- 

wooil, Dakota, 
Henry Smith Munroe, E.M., Ph.D., Adjunct Professor in Surveying and Practi- 
cal Mining. School of Mmej, Columbia CoUwe. 
Lionel Robert Nellie, E.M., Superintendent of the Gi^;oiy Consolidated Mining 
Company, Helena, Xxtra and Clarke Counties. Mont. 

• Henry Nevrlon, A.l)., E.M., Ph.D. l:ied, August j, 1877, at Deadwood City, 

Dak. Terr., while occupied as As^stont Geologist of Block Hills Expedition. 

William Bleecker Potter, A.B., A.M., E.M.. Professor of Minbg and Metal- 
lurgy, Washington University, St. Louis, Mo. 

John Cooper F. Randolph, A.B., A.M., E.M., Consulting Engineer, 35 Broad- 
way, New York Cily. 

1870. 

Ogden Haight, E.M., Slock Broker, 38 Broadway, New York City. 

William Halsey Ingcrsoll, A.U., A.M., LL.B., E.M., Portland. Conn. 

John Augustus Knapp, A.B., A.M., E.M., General Manager Mingo Furnace, P. 
O. Uox 515, Salt Lake City, Uloh. 

John Leo Oienthal, E.M., P. 0. Box 1058, San Francisco, Cal. 

Stuart Lindsley, E.M,, Superintendent, Detroit Copper Company, Clifton, Arii. 

Edward Moore Parrot, E.M., Manager of the Fumaceville Iron Company, Fur- 
noceville. Wayne County. N. Y. 

Richard Henry Terhune, E.M., Superintendent of the Morgan Silver Smelting 
Company, Salt Lake, Utah. 

Theodore Francis Van Wagcnen, E.M., General Manager Twin Lakes Consoli- 
dated Gold Placer Minmg Company, Leadville, Col. 

Elwyn Waller, A.B., A.M., KM., Ph.D., Instructor in Analytical Chemistry, 
School of Mines, Columbia College, and Chemist to the New York Board of 
Health, New York Cily. 

1871. 

William E. S. Fales, E.M., LL.B., Lawyer, 359 FuKon Street, Brooklyn, N. Y. 

Samuel Anthony Goldschmidl, A.K, E.M.. Ph.D., Manubcturing Chemist, Co- 
lumbia Chemical Works, 66 Water Sireel, Brooklyn, N. Y. House, 709 
Madison Avenue, New York City, 

John Gordon, Jr., E.M. Address, care E. Johnson & Co., Rio Janeiro, Brazil. 

Pierre de Peyster Rickelts, E.M., Ph.D,, Instructor in Assaying, School of Mines, 
Columbia College. 

George Washington Riggs, Ph.B., Chemist, Potter & Ri^s, Washington Uni»er- 
Bity. St. Louis, Mo. 

Gracie Savre Roberts, E M., C.E., Consulling Civil Engineer, 88 Union Avenue, 
Brooklyn, E, U. 

Richard Spotswood Robertson, Jr., E.M,, with Cargenie Bros, & Co., Pitts- 
burg, Pa. 

1873. 

Peter Townsend Austen. Ph.B., Ph.D., F.CS,, Professor of Analytical and Ap- 
plied Chemistry, Rutgers College, New Brunswick, N. J. 

* Frank B, Jenney, E.M., died in Trinidad, 1S76, while engaged as Superinten- 

dent of the Orinoco Exploring Company. 
Frederick H. McDowell, E.M., Contractor and En^eer, 17 Cortlandt Street, 
New York City. 
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Thomai O'Connor Slouie, A.B., A.M., E.M., Ph.D., Chemiit, Slouie &. Rupp, 

119 Penrl Street, New York C\tj. 
Arthur F. Wendt, E.M., C.E., Consulcine Engineer, 414 EmI Fifty-first Street, 

New York City. 

■1873. 

Frederick A. Canlield, A.B., A.M., E.M., Consulting Engineer, Dover, N. J. 

Cluu-les Adama Colton, E.M., AssLstant in MiuerBlogy, School □[ Mines, Columbia 
College. 

Henrjr AuEUstns Molt, Jr., E.M., Ph.D., Mining Engineer nnd Analytical Chem- 
ist ; office, 10; Waler Street ; residence, 10 West Fifty-ninth Street. 

Henry Walter Webb, E.M., Lawyer, Webb & Sprite, ao6 Broadway, New 
York City. 

John Town send Williams, E.M., Ph.B., East River Chemical Works, Forty-fourth 
Street and East Kiver, New York City. 

1874. 

Charles Sumner Allen, Ph.B., M.D., Practising Physician, 104 East Eighty-fifth 

Street, New York City, 
William de Uesseline Benedict, E.M., Consulting Mining Engineer, with Union 

Ore Cimc Co., 39 Broad Street, New York City. 
John Gedney Molt Cameron. E. M., C. E., Assayer, Spears & Howard ; address, 

Fifly-lifih Street and Madison Avenue, New York City. 
Samuel Morris LilUe, E.M., Chemist, Harrison, Havemeyer & Co., 101 South 

Front Street, Philadelphia ; residence, 307 Pine Street, Philadelphia. 
George Murray, E.M., 335 West Twenty-third Street, New York City. 
Eben Erskine Olcott, E.M.. Superintendent St. Helena Gold Mine, Delicias, So- 

nora, Mex. Address, tii West Thirteenth Street, New York City. 
Benjamin Franklin Rees, E.M., Merchant, 37 Ferry Street, New York City. 
Francis Bell Forsyth Rhodes, E.M., Superintendent Mingo Works, near Salt 

Lake, Utah. 
Frederick Harrison Williams, E.M. Care of W. Williams, Orange, N. J. 

1875- 

Magnus, C. Ihlseng, E.M., C.E., Ph.D., Prof, of Engineering, Stale School of 
Mines, Golden, Col. 

Malvern Wells lies, Ph.D., Assayer. Grant Smelting Works, Leadvillc. Col. 

Charles Edward Jackson, C.E., Division Engineer, Manhattan Railroad Com- 
pany, 6a Gold Street, New York City. 

Douglas Arod Joy, E.M., Assistant in Chemistry, University of Michigan, Ann 
Harbor, Mich. 

'Robert Schuyler l^amson, C.E., Major in the Egyptian Army, died at Darbour, 
Upper Egypt, 1876. 

Harry Wentnan ]>avens, E.M., U. S. Geological Surrey, San Francisco, Cal., 
also care of Frederick Leavens, 835 Broadway, New York City. 

Arthur Macy, Ph.B., C.E., Supt. Sil»er Mt. Mining Co., Ophir, Col. Address, 
35 Broadway, New York City, 

William Skaals Noyes, E.M., Assayer in cliai^ of BodieMill, CaL 

Philip Charles Plister, E.M., 125} Forsyth Street, New York City. 

Franklin Pool, E.M., Chemist, Celluloid Manufacturing Company, Newark, N. J. 

Bayard Taylor rulnam, E.M., Expert U. S. GeoL Survey. Address, Z] W. Twenty- 
third Street, New York City. 

John Krom Rees, A.B., A.M.. E.M., Instructor in Geodesy and Director of the 
Observatory, Columbia College, New York City. 

Charles M. Kolker, E.M., Supt. Chrysolite Mining Co., Leadvilie, Col. 

Samuel Howland Russell, E.M., 417 Fifth Avenue, New York City. 

Hunter Stewart. E.M., Civil Eugineer, P. O. Box ij66 New Orleans, La. 

Milton Strong Thompson, Ph.B., Chemist, Lignoid Manufacturing Co., Newbury- 
port, Mass. 

James Simpson Chester Wells, Ph.D., Instructor in Analytical Chembtry, School 
of Mines, Columbia College. 

Edwin Atwaler Welmote, E.M. Care of E. A. Wetmore & Co., Iron Merchants, 
Marquette, Mich. 
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Albert Allen 'Wright, A.B., A.M., PtB., ProC GeologT and NoturaJ HistOTT, 

Oberlin CoUege, OberUn. O. 
John Henry Tncker, PIlU., Cbemist, uo Front Slnet, Now York City. 

Thomu SeptimnE Auitin, E.M., SopC. Smelting Works, G«niuuiu Station, Snlt 
Lake, Utah. 

Frederick Everett Bruen, E.M,, C.E., Supt. G«]lespie & Ballou Sampling Works, 
Leadville, CoL . 

Francis Saadenon Craven, E.H., C.E., Assajrer and Surveyor, Irtrin, Gnnnison 
Co., CoL 

George Rockurell Cornwall, E.M., C.E., Assayer and Surveyor, Irwin,' Gunnison 
Co.. Col. 

Herbert Carrinfiton Foote, C.E., Professor of Chemistry, Central H^h SehooL 
Address, 37 Arlington Court, Cleveland, (). 

Edmund HyJll Uarrison, E.M., C.E.. Asst. Treas, Cenlral Park and E.R.R.R. 
Co., Tenth Avenue and Fifty-third Street, New York City, 

Loui<) Benton Gralacap, Ph. U., CutatoT Am. Mu&euni - of Natural History, Central 
Park. Address. Bl Goid Street, New York City. 

Robert William Hall, E.M., Mining Engineer, 3 W. Filly-SiKth Street, New 
York City. 
' lyler Hamill 
York City. 

Francis Newberry Holbrook, C.E., Superintendent Corraljios Mining Company, 
Corralilos, Chihuahua, Mex. Address, care J. P. Holbrook, 454 Broadway, 
New York City. 

Walter Lowrie Hoyt, E.M., C.E., Chemist and Assayer, Omiha Smelting and 
Refining Company, Omaha, Neb. 

Frederick Fumeanx Hunt, E.M., C.E., Peilon, Pima County, Arit 

Frederic Remsen Hutton, A.B., A.M., E.M., C.E., Ph.D., Instructor in Mechani- 
cal Engineering, School of Mines, Columbia Collie. Addreu, 6 W, Thirty- 
third Street, New York City. 

Charles King, Ph.B., Real Estate and Insurance, 75 Cedar Street, New York City, 

Nathaniel Wright Lord, E.M., Professor of &igineering and Metallurgy, Ohio 
State Univerdty CcJumbus, Ohio. 

Edward Gurley Love, A.B., A.M., Ph.I}.. Tester of ill. gas, Dept. of Publk 
Works, New York City ; Examiner in Chem. , College of Physicians and Sur- 
geons. Address, School of Mines, Columbia Collide. 

John Holme Maghee, A.B., A.M., C.E., j6 East Fifty-fourth Street, New York 

Henry Krwicii Morewood, E.M., Importer, 34 South Street, New York City. 
lames William O'tirady, E. M., C.E., Home Street, oppo^te Villa Place, Horris- 

ania, New York. 
James Fiti Randolph, E.M., C.E., rti Broadway, New York City j also, Morrii- 

town, N. J. 
William Coleman Row, E.M., C.E., Silver City, Grant Co., New Mex. 
Albert Francis Schneider, E.M., C.£..Supt. Germania Smelting and Refining Co., 

P, O. Box 748, Salt Lake City. Utah. 
George Cyrus Tilden, C.E., Aut. Supt. Dunderberg Mining Co., Georgetown, Col. 
Elbert Champlin Van Blarcom, C.E., Tombstone, Ariz. 
Auguslua Clark Walbtidge, E.M. CE. 71 Downing Street, Brooklyn, N. V. 
James Robert Wardlatv, C.E., ViUage Engineer, Castlelon, S. I. 

1877. 
Louis de Souia Barros, C.E., E.M., San Paulo, Brazil. 

enes Thorn Beard, E.M,, C.E., 103 St. James' Place, Brooklyn, 
ward Uehr, C.E., Piano Manufacturer, 43 Union Square, New York City. 
Charles Ramsay Buckley, A.B., A.M., E.M., Esmerelda Mine, Black Hills, Dak. 

Address, 34 Wall Street, New York City. 
Linus Bertram Cady, E.M., C.E., 234 West Thirty-eighth Street, New York City. 
Augustus Cass Canfield, E.M., 60 West Fifty-fourth Street, New York City. 
John Britton Cauldwell, C.E., 6 East Foriy.ninth Street, New York City. 
■Henry Gilbert CUrk, G.M., C.E., Late Supt. Cortez Mining And MillingCo., 
Aurora, Ncv. Died of typhoid fever, August a, liJSi. 
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Charlei Edwards C(4by, KH., C.E., Printte Auixtuit to Proressor C. P. 
Chandler. Address, Fiftieth Street »nd Fourth Avenue, New York City, 

Charles Louis Constuit, E.M,, CE., T, J. Hojet & Co., Paints, 936 Third 
Avenue, New York City. 

George Birdsall Cornell, E.M., C.E., Ciril Engineer. Address, 46 West Forty- 
eighth Street, New York Citj. 

Frederick William Hoyd, E.M., C.E., United States Geographical Survey, 1813 F 
Street, Washington, U. C. 

Frank Stuart Helleberg, C.E., Assayer and Chemist, Cnrnmings & Finn Smelting 
Works, Leadville. CoL 

Walter Edwards Hildrelh, E.M., C.E., Consulting Engineer, 53 Broadway, New 
York City. 

Axel OUf Ifalseng, B.S., E.M., CE., Chemist, Sugar House of Havemeycr Bro- 
thersi Company, Brooklyn, E. D. Addre-s, 151 E. Thirty-third Street, New- 
York City. 

Josi Nabor Pacheco Jordao, CE., E.H., Ph.B., Patitista Railroad, San Paulo, 
BraiiL 

William Kelly, A.B„ E,M., Superintendent Kemble Coal and lion Co., Rid- 
dlesburg, Bedford County, Penn. 

Janie* Buckton Mackintosh, E.M,, C.E., Private Assistant to Dr. ^leston, Sdiool 
of Mines, Columbia College. 

John Glenvil Murphy, E.M., C.E., Rigfay & MorjAy, Mining Engineers, yS & So 
Broa4way, New York City. 

Ralph Nichols. E.M., C.E., Nichols & Dunham, Uadvllle, CoL 

Dudley Hiram Nnrrii, E.M., Lawyer, 112 Lafayette Avenue. Brooklyn. 

'James Robert Priest, E.M.. C.E., School Teacher and Surveyor, Greenville, 
Sinon County, Liberia, Africa. Died, i8Sa 

William Henshaw Radford, E.M.. Richmond Mine, Eureka, Nev. 

Sylvanui Albert Reed, A-B., E.M., Gunnison Crushing and Sampling Works, Rose, 
Reed & Co. , Irwin, Gunnison County, Col. 

Charles Louis Rogers, E.M., C.E., Aiuyer. Addresi<, Gilbert Avenue, Cincin- 
nati, O. 

Edward Eugene Sage, CE., Asditant Assayer, United States Anay Office, New 
York City. 

William Henry SmeMon, C.E., E.M., Ht. Vernon. Westchester Co.. N. Y. 

Roland Mulville Smythe. E.M.. C.E., 530 Henry Street, Brooklyn, N. Y, 

Arthur Thacher, E.H., C.E., Progress Mmin); Company, Lower California. Ad- 
dress, 108 East Thirty-sixth Street, New York City. 

Robert Ward Van Boskeick, C.E., Artist, slndlo, 337 Fuufth Avenue, New York 

City, 
Cornelius Read Waterbury, C E , Engineer and Surveyor, Care of Leonard & 
Company, 150 Broadway, New York City. 

1878. 

William James Adams, A.B., A.M., E.M., Assistant Metallnrgiit, BalopUas Sil- 
ver Mining Company, Batoirilas, Chihuahua, Mex. 
Marcus Benjamin, ?h.B. Care E. B. Benjamin, 6 MarcUy Street, New York City; 

residence, 43 East Sixty-seventh Street, New York City. 
Charles Edward Blydenburgh, A.B., A.M., E.M., Mining Expert and Prospector, 

Rawlins, Wyo. Tcr, 
Robert Elmer Booraem, E.H., Engineer Evcnmg Star Mine, Box 1315, Lead- 

ville, Col. 
George Charles BrinckerhofT, E,M,, travelling in Europe. Care Fraucke & Co., 

Havana, Cuba. 
Willsrd Parker Butler, E.M. Care of Mailland, Phelps & Co., » Exchange Place, 

New York City. 
Alexander Ramsey Cushman, Ph.B., Ph.D.. 128 East Sixteenth Street, New York 

City. 
John Woodbridge Davis, C.E., Ph.D., Engineer and Geologist to Grundy Mining 

Company, Tracy Cily, Gnindy County, Tenn, 
Waller B. Devereux, A.B., A-M., E.M., Superintendent, Takoma Copper Mining 

Company, Globe, Ariz. Address. 219 West Eleventh Street, New York Cily. 
Isaac Wyman Drummond, E.M.. Ph.D.. Chemist, F. W. Devoe & Co., 436 West 

Twenty-second Street, New York City. 
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Ortien Pinkerton Downing, Ph.B., Drugs, Oakland, Al»ni«d« County, Cal. 
Waller Graeme Elliot, E.M-, C.E., Ph.B., Expert on City Water-Supply for the 

'ienth Census. Addre5^ 741 Fifth Avenue, New York. 
Anton Femeltes, E. M., Chemist, Billing & Eiler's Smeltine Works, LeadviUe, Col. 
Harry Leopold Haas, Ph.B., Zncker & Levett Chemical Co., S40 West Sixteenth 

Street, New York CLly. 
Yothinosuke Has^awa, E.M., Ph.D., Engineer in Coal Mine, Address Univerrily 

of Tokio, Tokio, Japan, 
Henry Albert Hodges, E.M,, Chief Clerk, Wm, D, Andrews & Bros., Drive 

Wells, 233 Broadway, New York City. 
Edward Henry Holden, C E., Surveyor and Civil Engineer, One Hundied and 

Sixty-ninlh Street and Boston Avenue, Morrisanii, N. Y. 
William HoUiE, C.E,, Mining Expert^ GalTCston, Harrisburg & San Anlonio 

Railroad, Harrisburg, Texas. 
■ Elias Matlison Johnson, Ph.D., I. G. Johnson & Co., Malleable Iron, Sptjyten 

Duyvil, N. V. 
Gilbert Henry Johnson, Ph.B,, Chemist, 1. G. Johnson & Co., Spuylen Duyvil, 

Coryilon Powell Karr, Ph.B., MetallurEiil, Powell Silver and Metal Co.. foot of 

Clay Street, Newark, N. J. ; also care of Am. Finance Co., 7 Nassau Street, 

New York City. 
Benjamin Bowden Lawrence. E.M., Superintendent and Mining Engineer, Monte- 
zuma Minii^ Co., Monteuima, CoL Address, 44 East Twentieth Street, 

New York Cily. 
Frank Lyman, E.M, Address, Low Moor. Allegheny Co., Va. 
Edward Auslin McCulloh, Ph.B., Chemical Eipert, Chicago, Burlington it 

Qaincy Railroad, Aurora, 111, 
Nawokichi Maisui, Ph.B., Ph,D., Instructor in Qualitative Analysis, University 

of Tokio, Tokio, Japan. 
George Bartow Morewood, E.M.,Ph.D., 34 South Siteet, New York Cily. 
Gouvemeiir William MorrU, E.M., Myers, Rutherford & Co., 58 Wall Street, 

New York City. 
Charles Edward Munsell, Ph.B., Milk Inspector, New York Health Departmtnl ; 

address, Glen Cove, L. I. 
Henry Morgan Murphy, E.M., H. H. Murphy & Co., Varnish Makers, 258 Mc- 

Whortcr Street, Newark, N. J. 
Kingn Nambu, E. M., Engineer in Coal Mine. Address, University of Tokio, 

Tokio. Japan. 
Spencer Baird Newberry, E.M., Ph.D., Assistant in Chemistry, Agricultural De- 
partment, Cornell University. Ilhaca. N. V. 
James Alkin Noyeo, Ph.B., 155 Remsen Street, Brooklyn, N. Y. 
* Owen Frederick Olmsted, C.E. Died at Albany, N. Y., December, rSSt. 
Frederick Nash Owen, E.M., Hydraulic Engineer, 19 Weit Fifty-sixth Siteet, 

New York City. 
Cortl-TDdt Edward Palmer, E.M., Oswego Iron Co. Address, i; West Seventeenth 

Sireet, New York City. 
Richard Alexander Parker, C.E. . Engineer Mexican National Railroad, Laredo, 

Tex. Adress, 347 West Forly-eLybih Street, New York City. 
Vicente Felix Paios, E.M., izi Calle Zavala, Lima, Peru. 
Nelson, Williams Perry, E.M., Instructor in Metallurgy, ITniveraty of Cincinnati. 

Address, 338 Aubum Avenue, Cincinnati, O. 
William Sitieby, A.B., E..M., Professor o( Metallurgy and Assaying, Colorado 

College, Colorado Springs, Col. 
Buley Willis, E.M.. C.E., Assistant Geologist, North Trans-Con linental Survey, 

Newport, K. 1. 

1879- 
Nathaniel Lord Britton, E.M., Ph.D., Asastant in Geolc^y, School of Mines, 

Columbia College, New York Cily. 
Leo George Cloud, A.B., E.M., Superintendent Little Chicago Mining Co., 

Kokonio, Summit County, Col. 
Harry Clay Cornwall, E.M , Asiayer, Irwin, Gunnison Co., Col. 
Louis Phillipe De Luic, C.E., 48 Pine Sireet, New York City. 
George Spencer Eastwick, C.E., Manager of Sugar Refinery, New Orleans, La, 
Atldrets, care of Haremeyer & Eailwlck, Jeraey City, N. J. 
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Lonii Francis HafTen, A.M., C.E., Bre«er, One Hundred and Firty-ncond Street 

and Conrlland Avenue, New York City. 
Charles Sumner Marker, E.M., care of Boilie Tunnel Co., Bodie, CaL 
Nathaniel Hathaway, Ph.B., Privale Asi^lant to Dr. Waller, School of Mines, 

Columbia College. 
Herman Hollerith, E.M., Expert United States Census, 161 East Sixty-tirst 

Street, New York. 
Charles Arthur Hollick, Ph.B., box 138, Fort Richmond, S. T. 
Isaac Bradley Johnson, E.M., Chemist, Hoosick Malleable Iron Works, Hoosick 

Falls, N, V. 
Robert Andrew Johnson, C.E., Assistant Sanitary Engineer, New York Board of 

Health Address, Scnrsdale, N, Y. 
Edward Cabet Koch, E.M., P. O. Box 2649, Leadville, Col. 
Thomas Haight Leggett, Jr., E.M., Balopilas Silver Mining Co., BatopLlas, Chi- 
huahua, Mex. 
Edwin Ludlow, E.M., U. S. Engineer, 1619 Chestnut Street, Philadelphia, Pa. * 
Charles Wells Marsh, Ph.B., Assistant in Quantitative and Qualitative Chemistry, 

Princeton College, N. J. 
Theophilus Smith Mmhis,' E,M., County Surveyor, Ouray. Ouray County, Col. 
Ralph Edward Mayer, C.E., Kesident Graduate, zlS East One Hundred and 

Twelfth Street, New York City. 
Hubert John Merwin, E.M.. 668 Hajicock Street, Brooklyn. 
George Fanshawe Milliken, E.M., Tucson, Arii 
Otis Mortimer Munroe, Ph.B., Ironton, Iron County, Mo. Address. io3 East 

Forty-fifth Street, New York City. 
Knight ^Jeftel. C,E., Neflel & Churchill, 39 Broadway, New York City. 
James Nesmith, E.M., 356 Henry Street, Brooklyn, N, ¥. 
Charles Milton Noble, E.M., General Foreman, Woodstock Iron Works, Annis- 

ton, Al*. 
Robert Dunn Rhodes, E.M., Ontario Mine. Park City (Parley's Park), Utah. 
William Bell Stephen Reed, E.M., E. & B. S. R.R., Elizabethtown, Hardin 

County, Ky, 
Francis Morris Rutherfurd, E.M. Care W. Rutherfurd, 344 East Thirteenth 

Street, New York City. 
Gardner Hutchinson Sheldon, E.M., Corralitos, Chibiuhua, Mex. 
George Cameron Stone, Ph.B., Chemist, New Jersey Zinc ond Iron Co,, Newark, 

N. r. Address, 35 West Twenty-second Street, New York City, 
Henry Fowler Starr, Ph.B., Chemist, Newark Steel Works. Address, 91 Mount 

Pleasant Avenue, Newark, N. J. 
•Francis Barelto Stewart, Ph.B. Died of typhoid fever, at Harlem, N, Y., Angnst 

1879. 



Alfred Lockwood Beebe, Ph.B.. A<sistant in Assaying, School of Mines, Columbia 

Cofl^e. Residence, 58 East Sixty-eighth Street, New Yoik City. 
Frank Parkinson Benjamin, C.E. Address, 31 West Nineteenth Street, New York 

City. 
Frederick Denison Browning. E. M., Mining Engineer and Metallurgist. Care Ket- 

elsen y Degetan, Chihuahua, Slate of Chihuahua. Mex. 
William Frederic Brugman, Ph.B., Chemist to Joliet Iron and Steel Works, 

Joliet, 111. 
Nathaniel Butler, E.M., N. Y., W. S., & B. R.R. Care Henry Russell Sc Co., ^ 

Barclay Street, New York City, 
Alfred Daniel Churchill, M.S., Ph.B., E.M., Instructor in Drawing, School of 

Mines, Columbia College. 
Edwin Perry Clarke, E.M., Mining Engineer, Box 1229, Leadville, CoL 
Louis George Engel, E.M., Engineer, with the Brooklyn Sugar Relinety, Brook' 

lyn, N. Y. 
Robert Otto Francke, C.E., travelling in Europe. Address, care Francke & Co., 

Havana, Cuba. 
Herman Garlichs, E.M,, Consulting Mining Expert, Rico, San Juan Co., CoL 

Address, 7 New Street, New York City, 
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Wilkini Updike Greene, Ph.B., Mean Chlormatton Co., PhiUdelphii. Addren, 

38 Soulh Portland Avenue, Brooklyn, N. Y. 
James Leal Greenleaf, C.E., AsdEtant in Drawing, School of Mines, Coliunbia 

College. Address," 33 West Twelfth Street, New York City. 
Albert I'cter Hillock, Ph.B., Chemist, N. Y. Gaslight Co.; residence, 349 East 

Thirty-firjt Street, New York City. 
Henry Harmon Hendncki, Ph.B., Chemist, A. R. Ledoax & Co., 17 Cedar Street, 

New York ' re«dence, 513 Fifth Avenue, New York City. 
Louis Mosber Hooper, C.E., Dianghlsman, United States Censtts, Firty-second 

Street and Vanderbilt Avenue, New York City. 
Theodore M. Hopke, Ph.B., Chemist, A. R. Ledoni & Co., 17 Cedar Street, 

New York ; residence, Haatinp-on-HadFon. 
Edward Henry Hudson, C.E., S4 East Filiy-lhird Street, New York City. 
Frank Klepeiko, E.M„ Assist. Supt. Delaware Mine, Keweenaw County, Mich. 
Whealon Bradish Kunhaidt, E.M., Student, Germany. Addiess, 33 Beaver 
* Slreel, New York City. 
Joseph Godley Mattison, Ph.B., Chemist, A. R. Ledotix & Co., \^ Cedar Street, 

New York City, 
Charles August Meismer, Pb.B., Chemist, Briar Hill Irbn and Coal Co., Youngs- 
town, O. 
James Haviland MerriCt, Ph.B., Chemist. Bradley While Lead Co., Water Street, 

New York; residence, 184 Lefferts Place, Brooklyn, N. Y. 
Juan Adelberlo Narvairo, C.E., Student, Europe. Address, 351 West Forly- 

fouTlh Street, New York City. 
Andrew McClean Parker, E.M., United States Deputy Mineral Surveyor, F. O. 

Box SS3, Silver ClifT, CoL 
John Randolph Parkes, E.M., AasC. in Mechanical Engineering, School of Mines, 

Columbia College. Address. 113 Penn Street, Brooklyn, N. Y. 
Frederic Augustus Polls, Jr., Ph.B., no Broadway, New York City. 
Henry Alvord Rotnnson, Ph. 8., Law Student, with Robinson & Scriboer, 101 

Broadway, New York J residence, 19 East Siity-Second Street, New York City. 
Fen^nand Rutlmann, Jr., E.M., Mining Engineer, Tilly Foster Iron Mine, Brew- 

Her-s Station, N. Y. 
George Singer, E.M., Wilkinsburg, Allegheny Co.. Pa. 
George Harton Singer, E.M., Singer, Nimmick & Co., Pittsburg, Pa. 
Wallace Augustus Smalley, E.M.. Surveyor and Assayer, Geotgetown, N. Mex. 
Maxwell Smith, C.E., N. Y., W. S. & B. R. R. Address, isi West Twenty-first 

Street, New York City. 
Theodore TonneU, Ph.B. Address, 48 East Sixty-e^hth Street, New York City. 
Charles Herbert Torrey, Ph.B., Assistant in Qualitative Analyos, School of 

Mines Columbia College. Residence, 53 West One Hundred and Twenty- 
eighth Street, New York City. 
Joseph Walker, Jr., C. E., aSq Fifth Avenue, New York, 
[erbert Allen Wheeler, E.M, United States Geological Survey. Address, P. O. 

Box 340, Salt Lake City, Utah. 

iSSt. 
Charles A. Andresen, E. M. , with Pickard U Andresen, 8 Gold Street, New Yoric City. 
V. T. Aschman, Ph.B., Chemist, Wheeler Iron Company, P.O. Box agi. West 

Middlesex, Mercer County, Pa. 
C. P. Bleecker, E.M., Assayer, Ogden, Utah. 
V. M. Braschi, Ph.B., Resident Graduate; candidate for degrees of E.M. tmd 

Ph.D. Address, ZM) West Twenty-fourth Street, New York City. 
E. R. Bush, E.M. ; with E. E. Olcott, Sonora, Mex. Address, care J. A. Bush, 

54 Wall Street, New York City. 
P. £. Chaial, E. M. Care of Langslon, Crane & Co., Atlanta, Ga. 
A. L Colby, Ph.a, Cbemint, Slate Board of Health. Address, School of Mine*, 

New York City. 
E. M. Douglass, CE., Erie Railroad. Address, 143 South Division Street, Buffalo, 

N. Y. 
Edward K. Dunham, Ph.B., Student College Physicians and Surgeons ; also candi- 

didate for degree of Ph.D., School of Mines. Address, "The Florence," 

Eighteenth Street and Fourth Avenue, New York Cily. 
Arthur H. Elliott, Ph.B., Assistant in Chemistry, College Physidant and Surgeons; 

also candidate for Ph.D., School of Mines. Address, School of Mines, New 

York City. 
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H. Vao F. Funnui, E.M., (iennania Workii, Salt Like City, Utah. 
W. T. Grisvrold, C.E., Sinalo and Darango Railroad, Culiacan. Mex. 
K. A. Hemmer, Jr., Ph.B., Student of Metallutgy, Clauithal, Germsry, 

C. B, Juild, E.M.. United Stales Deputj; Surveyor, Tombstone, N. Mei. 

D. J. Learj, C.K., fourlb-year Student in Mining Engineeiing, School of Mina, 

New York City. 
Aoiputui D. Ledonx, Ph.B. Address, Coniwall-on-Hadson, Orange County, N. V. 
W. P. Little, E.M.,Resi<JcntGraduale,CoiUK in Architecture. Address, 60 WeU 

Forlietb Street. New York City. 
W. M, Meserole. C.E., N. Y., W. S. & B, R. R., CatUkUI, N. V. Adi:reii, 590 

Lorimer Street, Brooklyn, N. Y. 
Percy Neyman, Ph.B., Student in Chemistry. Berlin, Germany. Address, care E. 

H. Neyman, 97 Maiden Lane, New York City. 
H. J. O'Connor, E.M , San Josfe Mbe, Egan CaHon, Nev. Add^es^ 43 Wei.t 

Twenty-eighth Street. New York City. 
T. D. O'Connor. Ph.B., Resident Graduate ; candidate for degree of Ph.D. Ad- 

dtess, 41 West Twenty-eighth Street. New York City. 
Lncius Pitkin, Ph.B., Chemist. Laurel HUI Chemical Works Penny Bridge, I. L 
George S. Raymer, E.M. Addiesi, 63 Seventh Avenue, Brooklyn, N. Y. 
W. T. Richmond Ph.B., Chemist, Transcontinental Geological Survey, Newport, 

R. I. 
A. C Roberts, E.M., Sinalo and Durango Railroad, Cutiacan, Mexico. 
C. P. Sawyer, Ph.B,, As»iiant Superintendent Hoover HitlGold Mining Company, 

High Point. Guafdrd County, N. C, 
W. W, Share, Ph.B., AsusUnt in Physics, Columbia College. Address, 336 Navy 

Street, Brooklyn, N. Y. 
Chandler D. Starr, C.E., Resident Engineer, E. R. R. R. Co , Falls Mills, T*u- 

well County. Va, AdJfess, 103 East Sixteenth Street New York City. 
T. B. Steams, E.M., Metallurgist, 64 First Place, Brooklyn, N. Y, 
A. E. Swain, E.M., Sinulo and Durango Railroad, Culiacan, Mex. Address, via 

San Francisco, CaL, and Mazatlan. 

E. G. Tuttle, E.M., Assistant Engineer, Oh:o Railroad, Toledo, O. 

A. H. Van Sinderen, Pli.B,, Student, Columbia Law School Address, 178 Colom- 
bia Heights, Brooklyn, N. Y. 

H, T. Vult*. Ph.B,, Superintendent ColumbU Chemical Works, 66 Water Street, 
Brooklyn, N. Y. 

F. U. Wiechmann, Ph.B,, Private Assistant to Professor Chandler; also Resident 

Graduate, candidate for degree of Ph.D.. School of Mines, New York City. 
W. W. Williams, C.E,, fourth-year Student in Mining Engineering, School of 

Mines New York. Address, Wetherstield, Conn. 
II. M. Wilson, C.E , Sinalo and Durango Kailroiid, Culiacan, Mexico. 

ENUMERATION. 
Classo[iS67 13 Classofi876 a6 



" 1873 S — 

" 1874 9 Total number of graduates . , , , 301 

■■ "SIS «>' 

Kmnen to bt dtciattd. 

CUsi of 186S Archibald MacMariin. 

" 1869 Thos M. Blossom. 

" 1S69 Henry Newton. 

" 1872 F. B. Jenney, 

" 1875 Robert S. Lamson. 

" 1877 Henry G. Clark. 

" 1877 ..James R. Priest. 

" 1878 Owen F. Olmsted. 

" 1870 Franci* B. Stewart. 

Total 9 

Number of graduBlei living 29a 
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Employ id at foUmss : 



As Mining Engineers, connitting 



lield-w 
" " " superintendents of miiMS l6 

" Civil uul Mechanical Engineers, consntting a 

" " " " fteld-worlc 33 

" " " ' *' instmction 6 

" " " " sanitarjr work 3 44 

" Chemisls, conaalltng and analytical 38 

" " superintendents of worKs. 3 

" Assayers 31 

'■ Chemists and Assayers, inilrncUon 15 87 

" Melailurgists, consulting, 7 

" " superintendents of works iz 19 

" Geologists and Mineralogists, consulting 3 

" " " " field-work 4 

" Architects , 

" Artists 

" Phyucians. 

" Editors 

" Ministers 

Tn Agriculture 

' ' Business 

" Manufacturing 

" Studying, Europe and elsewhere. . 

"Travelling 

Occupation unknown 



Employed as Mining Engineers. 17.27 

*' " Civil uid Mechanical Engineers. 14.61 

" " Chemists and Assayers 3S.90 

" " Metallurgists. 6.32 

" " Uenlogisii and Mineralogists 3.99 

" " Architects, Lawyers, etc 4.99 

" in Proressional work. Total 76.08 

" " Business and Manuracturing ii.zg 

" " Studying and Travelling. _ 5.31 

Occupations unknown 3 32 

Deceased 2 99 



Dtgrtet Conferred U Datt. 



In the classification of the graduates as to employment, the principal occopalior 
only of each man is taken into consideration. Many oF (he mining engineers act a- 
chemists, geol<^istB, etc., and vice versa. The list is correct to February 1, 1883. 
P. DE P. RICKETTS, 

Rtsidint Steritary Alumni Atieciathii. 
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MINING, LAKE SUPERIOR, 1881. 



The ore is hoisted to the surface in buckets, skips, or cars. 
Buckets are used only in open cuts, small temporary workings, 
and in sinking winzes, etc.; skips are used in hoisting from all 
the underground workings, except at shaft 5 and 6 of the 
Republic Mine, where the mine cars are run on to a cage and 
hoisted with the ore they contain. The cages are built of 
plate and angle iron, and weigh about three tons. They are 
provided with safety-clutches, so constructed that should the 
cable give way, two cam-shaped segments, provided with shal- 
low teeth, would be made to seize the guide-rods and thus 
prevent a fall of the cage. In one instance the rope broke 
while a man was in the cage, but the cage only dropped a few 
feet before the safety-clutches came into play and stopped its 
further descent. It is stated that the man was unaware of the 
accident, and upon the cage stopping, called out to be hoisted 
higher. 

Various methods of signalling are employed for communi- 



^dovGoot^lc 



244 THE QUARTERLY. 

cation between the engine-house and the mine. Generally the 
apparatus consists simply of a wooden lever, weighted to 
render it less sensitive, and placed in the shaft-house. The 
lever is connected with the mine so that when a wire is pulled 
and suddenly released the lever is raised and allowed to fall, 
striking against an iron plate. The signals are usually sent 
from the shaft-house to the engine-room by bells. At the 
Jackson Mine electricity is used entirely, and a very elaborate 
code of signals has been employed for some time. 

The position of the skip is generally indicated in the engine- 
room by means of " tell-tales." These are sometimes of elabor- 
ate construction, worked by screw-gearing from the drum-shaft, 
or more simply by cords winding on a small reel ; but in some 
cases the "tell-tale" consists of a piece of hemp tied to the 
hoisting-rope. 

As a rule the hoisting-houses are at a considerable distance 
from the shaft mouths, in some convenient and central loca- 
tion. At the Jackson Mine each drum is run by a special 
engine, and small hoisting-houses are set up where needed ; 
but this is exceptional, the general plan being to concentrate 
in one or two buildings the hoisting-drums for all the shafts, 
and to couple several drums to one engine. At the New 
York Mine, where an old and simple type of apparatus is 
used, there are four drums run by one engine, as follows : Two 
parallel shafts are in gear with the driving-shaft, and are in 
motion whenever the engine is ; two drums turn loosely on 
each shaft, but may be thrown into gear by ordinary clutch- 
coupling worked by levers. The levers have toothed arcs at 
their extremities, and are moVed by small pinion-wheels turned 
by horizontal hand-wheels. 

The following is a description of one of the hoisting-drums 
used at the Republic Mine : The drum is made of cast-iron, 
the ends and face-plates being cast separately and bolted to- 
gether. The ends are wheel-shaped six-armed pieces, having 
an inner flange to which the face-plates are bolted. The face- 
plates are bolted to the end-pieces and to each other by means 
of flanges on their interior surfaces, and are so cast that when 
fitted together the grooves on their surfaces form a perfect 
hehx. 

Some of the newer hoisting plants are being provided 
with internal gearing, the working of which may be described 
as follows : On the shaft is fixed a small spur-wheel, which ia 
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in gear with two others of the same size, the axes of which are 
attached to a brake-wheel of the diameter of the drum, and, 
like it, loose on the shaft, and these in turn mesh into a rack 
on the inner surface of the drum. When the loose brake- 
wheel is free to move, it simply revolves on the shaft, but 
when the brake is applied to it, the small wheels, as they re- 
volve, take hold of the drum (by the inside rack) and cause it 
to revolve. This form of gearing allows of regulating the 
speed of the hoist without altering the speed of the engine, and 
has been quite successful, especially for small hoisting plants. 

The ordinary form of friction gear, with V-grooves on 
drum and driving-pinion, is in use at most of the mines. The 
disadvantage, however, of this so-called " V-friction " is due 
to the tendency of the pinion to produce slight indentations in 
the grooves of the larger friction-wheel whenever thrown into 
gear. These increase in number and size, and finally give 
rise to an irregular curve which prevents the proper working 
of the drums. 

At the Lake Superior Mine the Lane drum is used. In this 
the driving power is applied directly to the drum-shaft, which 
communicates it to the drum by a band-clutch. A band-brake 
is so arranged with the band-clutch that both may be operated 
by a single hand-wheel, or each by a separate hand-wheel, A 
differential device is provided for taking up the wear of the 
driving and brake bands ; also a device for holding tKe band- 
clutch from contact with its pulley when not turning the drum. 

The Republic Mine effects a great saving by utilizing the 
water-power of the Michigamme River for hoisting, pumping 
and drilling purposes. A short distance below the mine, at a 
succession of rapids in the river, a canal has been cut, about 
half a mile long, 30 feet wide and 8 feet deep, near the centre 
of which are placed three guard-gates with an equal number 
of head-gates, through which the water is supplied to the 
wheels. At the lower end of the canal is the building, in 
which there are four air-compressors, 24x60 inches. These 
are driven by two turbine-wheels, 66 inches in diameter, with 
16 feet fall of water. Each turbine is provided with a separate 
and distinct flume ; and each flume with a grating for remov- 
ing anything likely to clog the wheels. 

The vertical shafts of the turbines are terminated on the 
upper end by bevel wheels, gearing into vertically moving 
wheels fixed to horizontal shafts. These shafts by suitable 
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gearing drive parallel shafts which work the compressors. 
Each turbine drives two double-acting compressors. 

The air from all the compressors goes to a receiver, 48 feet 4 
inches long and 4 feet in diameter, placed underneath the build- 
ing. From this receiver the air is conveyed to the different 
plants at the mine through a wrought-iron pipe, 16 inches ex- 
ternal diameter and 4,300 feet long, of J^-inch boiler-iron, made 
in lengths of about 50 feet and fastened together by flanges 
11^ inch thick. At intervals of 500 feet there are brass- 
lined expansion joints, permitting a movement of I2 inches, 
and at short intervals gas-pipe rollers, resting on iron strips, 
allow the pipe to move easily when expanding or contracting. 

The supply of water for running the turbines can be had 
for eight months every year. During the remainder of the 
time the compressors are run by two horizontal steam-engines, 
22 X 28 inches. 

The four compressors combined furnish enough power to 
drive 20 drills, 8 hoisting-engines, 17 water-pumps. Calcula- 
tion from measurements of the compressors shows that, all to- 
gether, they are capable of supplying 2,136 cubic feet of air 
per minute at a pressure of,40 pounds per square inch. 



Whenever the quantity of water is large or the depth great, 
Cornish plunger and suction pumps are used. For compara- 
tively shallow workings, or for workings not directly con- 
nected with the pump-shaft, steam-pumps are employed. At 
the New York Mine and at the Cleveland, where Cornish 
pumps are used, the connections are so arranged by bobs and 
wire ropes that the main rod is balanced by the others. In 
one case the rod in the main pump-shaft is connected by a 
wire rope, passing through a drift 85 feet long, to a rod 
working in a vertical winze. 

At the Michigamme Mine the pumps are worked by wire 
ropes instead of rods, directions being changed and ropes 
balanced by bobs in the usual way. At intervals of 50 feet 
the ropes are supported on sheaves and rollers. The water- 
pipe is of wood, coated heavily with a mixture of sawdust and 
tar. A portion of the water is conducted into reservoirs to be 
used in washing the ore on the picking-tables. 

On account of the comparative shallowness of the Jackson 
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Mine the pumping arrangements are very simple. Wherever 
water is found to be troublesome, a Blake or Kaowles pump is 
placed at the bottom apd pipes for steam and water run to it, 
the water being forced directly out in one lift. The steam- 
pipes are lagged in the ordinary way, and in addition, when 
much exposed, are surrounded by common tin or iron drain- 
pipe. This is loose and open at the top, and through it the 
exhaust steam is allowed to ascend, keeping the steam-pipe 
warm and reducing the loss from condensation. 

CONTRACT WORK. 

A considerable portion of the mining is done by contract 
work. In some cases one man contracts to get out all the ore, 
and sublets to smaller contractors. In other cases each pit is 
contracted for separately, and at one mine even the blacksmith 
work is let out on contract. In still other cases, and at most 
of the mines, separate contracts are made with small parties of 
men for stoping, filling, drifting, etc., while the surface work 
is usually company work. 

At one of the mines very close contracts are made — so 
close that it is usually necessary to guarantee the contractor a 
certain sum per month, about the wages of a pit boss, and 
this sum is not very often exceeded. As a further precaution 
against an unexpectedly advantageous result to the contractor, 
the agreements are so worded that they can be annulled at the 
will of the superintendent 

In a recent contract at this mine a peculiar plan has been 
adopted. A strict detailed itemized account is kept with the 
pit, and an expense statement is made up of: 
Amount paid to hand-drillers. 

" to fillers. 

" to blaster and labor. 

" for candles and oil. 

" for explosives. 

" for air for machines. 

" for repairs of machines. 

" for oil for machines. 

" for labor for machines. 

" drill carrier. 

" for other repairs. 
Allowance to the contractor $80 per month. 
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The cost thus made up is credited by the ore raised. Then 
if at end of time worked the cost of the ore is found to be on 
an average 
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Whenever the company guarantee a contractor a certain 
salary, they usually also set a limit to the amount which the 
man shall make — anything beyond this going to the company. 
For example, " If said Fossberg and Bystrom do not make 
two dollars and fifty cents per day by the contract, the com- 
pany will pay them that amount, and if they make over one 
hundred dollars per month each, the balance shall go to the 
company," 

In other cases the company becomes an equal partner in 
all over a certain sum per month. In another case, " If the 
contractors should not make enough to pay advances made by 
the company, and should work at any future time in the mine, 
any excess which they might make over seventy dollars per 
month shall be retained till all such advances be paid off." 

At another mine the contract to mine all the ore, in the 
two largest pits, is given to one man at so much per ton 
sent to the surface, he furnishing light, tools, powder, etc., and 
doing all the work ; the company doing the timbering, hoist- 
ing, and pumping. The company guarantees that the work- 
men shall receive a certain sum per month. The contractor 
in turn lets out part of the work to other contractors, but has 
most of it done by men who are paid according to the amount 
of work they do — so much a ton or car-load for the ore they 
shovel, or so much per foot for the drilling. 

Prices paid are : 

Hand drilling ....8oc. to $1.50 per foot. 

Machine drilling 50c, to 60c, " 

A man taking a contract buys from the company what 
. tools he may need ; on finishing the contract the tools are ex- 
amined, and if in good order, the contractor is paid back the 
amount he gave for them, less forty-seven cents per pound for 
steel he has used up. 
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The contractors pay the company $80 per cwt. for gluko- 
dine, which is worth $37 only, though it is very likely that it 
would pay the company better to sell the powder at cost price, 
as much more ore would be sent up with the same amount of 
work. As it is, much time is wasted in sledging to save a 
little powder. 

PAYMENT. 

The wages paid at one of the mines are : 



Common labor 9i'4S 

Umber-mea 1.70 

Trertle-men 1.50 

Machine-meii 3.00-3.35 

Hetp«n 1.80 

Boss timbeT-man 2.50 



Pitb 



3.50 



Teuuter $'■$*> 

Ore-weigbers r.6o 

Engineer! 1.75-2.00 

Firemen 1. 65-1. 70 

Mechuiits 3.50-3.00 

Diunond-iettcTs 3,00 



The prices paid at another mine are 80 cents to $1.50 per 
foot for hand drilling, 50 to 60 cents per foot for machine 
drilling. Three men will drill 8 to 12 feet per day. 

Saturday is not generally selected as pay-day : if a certain 
date is selected, and this falls on Saturday, payment is often 
deferred until the following Monday. 

The system of payment at the Michigamme Mine works 
very smoothly. Its chief peculiarity is hinted at in the follow- 
ing clause taken from the " Rules and Regulations : " " Any 
accounts not examined on examination day will not be cor- 
rected." On the first of each month the amount of the previ- 
ous month's contracts are made out, then copies of these con- 
tracts are sent to the spokesman of each contracting party. 
The third day of the month is set apart by the captain, time- 
keepers and clerks as examination day, and any contractor on 
that day has a right to bring his contract for correction and 
revision if necessary. If there is any error in the accounts, 
this is the day on which they must be corrected. Two days 
before pay-day, the third Saturday in the month, detailed 
statements of the amount due each man are distributed to the 
men, and at the foot of each is a receipt. The men have these 
two days for the correction of any error in their individual ac- 
counts. Each man as he presents, on pay-day, the signed 
statement, receives in return an envelope on which is his name, 
the number of his dieck, and the amount due him. 
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ACCIDENTS. 

At one of the oldest mines, and during the last thirty-three 
years, but fourteen men have been killed, as follows: two men 
caught in the tunnel by the locomotive ; powder-man killed by 
the explosion of the magazine ; two or three men by falls in the 
stopes ; and the rest by getting under rocks which they were 
prying off. The common accidents to blasters, such as burnt 
faces, blindness, and mutilated fingers, occur with considerable 
frequency. 

At another mine thirteen men have been killed in the last 
eighteen years : six by falling rock ; one by the explosion of 
nitro-glycerine ; four by caving in of a pit ; one fell into a pit ; 
one unknown. 

By far the larger number of accidents at a third mine 
have resulted from the explosives. The first was the total 
demolition of the powder-house and of the two employes in 
charge. The next was the explosion of a can of nitro-glyce- 
rine while being carried. The man who was carrying it is sup- 
posed to have stumbled and fallen. He was killed. The third 
was caused by striking with a machine drill some nitro-glyce- 
rine which had lodged in a crevice. The man who was pour- 
ing water into the hole was killed. 

It has been ascertained that nitro-glycerine instead of ex- 
ploding at once will sometimes boil in the hole for a long time 
and may finally explode. In one case the men returned to 
examine the hole after fifty-two minutes had elapsed, and 
found the nitro-glycerine in a violent state of ebullition. They 
ran away again, and in about five minutes the charge went off. 

The careless thawing out of frozen nitro-glycerine gives 
rise to many accidents, of which the following, from the Cham- 
pion Mine, may be taken as a ty_pe : Two miners were em- 
ployed in thawing out nitro-glycerine in a pail of water, and 
in order to get the water warmer they threw in a piece of hot 
iron. As neither the men nor the pail have since been found, 
it is probable that some nitro-glycerine had leaked out from 
some former can and was exploded by the impact of the iron. 
The firing of block-holes is also a prohfic cause of accident. 
The following occurred at the Champion Mine : One of the 
men had charged a block-hole, lighted the fuse, and retired ; 
after waiting some time he heard what he supposed was his 
blast, and returned just as the blast exploded. He was blinded 
and narrowly escaped death. 
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RELIEF FOR THE INJURED. 

At the Jackson Mine the doctor is secured a salary of nearly 
$2,000 per year, and his name entered on the pay-roll as one 
of the regular employes. The men are charged for this ; 
those with families paying more and boys paying less than 
single men, but no one employed is exempt from their regu- 
lar charge. The doctor is allowed any outside practice that 
will not interfere with his care of the miners. The Jackson 
Relief Club was entirely separate from the mine until one day 
the funds and treasurer were missing. Since then the mine 
paymaster has acted as their treasurer, and the company pays 
them interest on all that it holds. The members pay a regular 
due, and when disabled receive a weekly allowance. 

Two serious accidents at the Michigamme Mine in the 
early part of last year, from the premature explosion of gluko- 
dine, induced the miners to start a fund for the relief of suffer- 
ers in case of future accidents. This movement is to be liber- 
ally supported by the company. The scheme as at present 
understood is as follows ; Each man is to contribute 30c. per 
month, and for every $100 contributed by the men the com- 
pany is to add another $100. This is to continue till the fund 
amounts to $10,000, at which figure it is proposed to maintain 
it. In case of death from injury the deceased man's family is 
to receive $400. If he is disabled a committee of three deter- 
mines the extent of his injuries, and the length of time he shall 
receive a weekly stipend. 

The company assumes charge of the funds and manages 
the accounts. The committees are from the miners. 

At the Champion Mine the following method of relieving 
the injured is pursued. When a man is injured while in the 
employ of the company he receives $30 per month for his 
support. If he is killed outright or dies from his injuries, 
his widow or heirs receive from the company $500, To 
cover the expenses of this system the company chaises each 
man 40c, per month and adds the same amount itself to the 
fund. 

No man is required to pay assessments for medical attend- 
ance unless he desires to receive the benefits derived therefrom. 
A payment of 75c. per month for single men and $1.25 per 
month for married men entitles them to all the attendance and 
medicine that they may require for themselves and families. 
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The Lake Superior Company assesses each man 30c. per 
month and contributes an amount equal to the aggregate of 
these assessments. Employes injured by accident are paid 
not less than $1 S and not more than $25 per month, while under 
the care of the physician, for a period of not more than six 
months. Employes permanently injured receive a sum not 
exceeding $200. In case of death the administrator of the 
deceased receives $400 upon signing an agreement releasing 
the company from all further claims. The mine doctor re- 
ceives $1 per month from every man. 

Every man or boy about the Republic Mine is required 
to pay 15c. per month to the fatal accident fund, the com- 
pany donating an amount equal to the aggregate of such as- 
sessments. Each year the company determines what amount 
can be paid to the representatives of each unfortunate during 
the ensuing year. For 1878 the sum was $400, 

Each member of the Relief Club contributes 50c. per month, 
and if unable to work is entitled to $22.25 P^f month for not 
longer than twelve consecutive months. Members receiving 
relief must report to the mine doctor at least three times per 
week. According to the constitution of the Relief Club the 
mine captain is the president, the time-keeper is the secretary, 
and the Republic Iron Co. is the treasurer. 

"All boys shall pay two-thirds the amount paid by the 
men, and will only receive two-thirds the benefit. Any mem- 
ber found intoxicated or habitually visiting saloons, or chop- 
ping or drawing wood or hunting for game, shall cease drawing 
benefits at once and his name be stricken from the books." 

RULES AND REGULATIONS. 

At many of the mines printed lists of rules and regula- 
tions are posted in conspicuous places, cautioning the men in 
regard to their conduct in the mine, and stating what is to be 
done in case of accident. In some cases these lists contain 
rules for the guidance of the men in drawing their pay. The 
following specimens have been selected as showing in a gen- 
eral way the character of the whole : 

" All men, in the employ of this company or not, are for- 
bidden to ride on any of the skips cither ascending or descend- 
ing, ... as such skips are liable to get out of order and 
become dangerous. 
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"All persons are iorbidden to climb any ladder-way in 
any shaft while a skip is ascending or descending. 

" Should any men be killed by a fall of ground, the place 
where such accident happens shall remain idle until it has been 
examined and secured by the officers of the mine, but all 
work in other places shall be resumed in the shift following 
that in which the accident occurred. 

"In case of fatal accident men shall be allowed to quit 
work during the balance of the shift in which the accident oc- 
curred. 

" Workmen under the influence of liquor will not be per- 
mitted about the work, and an offence of this kind will be con- 
sidered sufficient ground for immediate dismissal, or fine, or 
both. 

" All fines assessed against the men, except for damage to 
the property of the company, will be for the benefit of the 
Hospital fund. " 



ORE-SAMPLING. 
By S. a. reed, Ph.D. 

With the growth and multiplication of large custom works 
for the reduction of ores of the precious metals, has come sharp 
competition in the purchase of such ores. In the purchase of 
ores according to an established schedule, a prime necessity is 
an accurate estimation of the value of each lot — an estimation 
which shall satisfy both purchaser and seller. Where a mine 
reduces its own ores, very accurate estimation of the value of 
separate lots is seldom necessary — all that is required is a 
tolerably close notion of the working of the process, general 
percentage composition for the calculation of charges, and an 
approximate valuation of principal and by-products so as to 
minimize losses. But wttli a dozen concerns bidding for a 
single mine's product, as is often the case in Colorado, exact 
sampling must be assured, or a bid becomes merely a bet. 

Ag^in, a variety of causes have contributed to the strength- 
ening of metallurgical works at large riailroad centres, at the 
expense of works near the mines, so that it often pays better 
to ship ore of a certain character than to reduce it locally. 
The business of shipping ore has led to the establishment of a 
special class of mills called sampling-works, whose sole func- 



, <„, u i.Goot^lc 



254 "^tiE QUARTERLY. 

tion it is to determine correctly the coin value of lots of ore 
brought to them. 

TTie sampler acts in one of several capacities. He is either 
a special agent or buyer for some particular metallurgical works 
at a distance — or he is an independent buyer, buying all lots 
coming to him, and shipping on his own account to the best 
market for the particular kind of ore in hand — or he is a broker 
to whom the miner ships his ore to be sampled and sold by the 
sampler, as the miner's agent, to the highest bidder. In any 




case the object is to make a determination which shall be first 
accurate ; second, simple and easily inspected ; third, cheap. 
Various methods of ore-sampling are in use, but it can be 
safely said that the subject has been more scientifically studied 
and carried nearer perfection in Colorado than anywhere else. 
By observing a few fundamental principles, almost any one of 
the sampling methods in vogue will give a good result, and a 
sampling-works does well occasionally to check its favorite 
method by some other. 
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The particular methods vary in different works. Stamp- 
mills take samples from the batteries at stated intervals ; some 
works take every tenth shovelful as a sample ; others mix in a 
heap by raking the heap around with the shovel in a spiral, 
from the centre out, and then quartering, taking diagonally 
opposite quarters, remixing and requartering ; others throw 
everything over a narrow scoop which catches a portion from 
each shovel ; and finally, some adopt automatic devices for per- 
forming some one of these methods. The tendency is un- 
doubtedly toward the general adoption of the scoop-shovel in 
some form. Automatic devices are excellent in some cases. 

An automatic sampler used in a Leadville mill for taking 
intermittent samples directly from a Blake crusher is shown in 
Fig. I. 

A Georgetown mill has a sampling device, also on the inter- 
mittent principle, consisting of four cups, as in Fig. 2, caused 
to revolve slowly under a 
falling stream of ore, the 
cups discharging their 
samples into a receptacle 
at one side. 

'Prof. Egleston, in En- 
gineering of December 
IS, 1876, describes sev- 
eral automatic sampling 
devices in use then in 
Colorado. 

Some experience in 
sampling ores in Colorado 
has given me an oppor- 
tunity of testing many of ^ 
the methods by compari- 
son, and I find the auto- 
matic arrangement I am ^°' *' 
about to describe, perfectly satisfactory. It is a counterpart 
of one previously used at a sampling-works in Clear Creek Co. 

I pass every lot of ore first through a Blake crusher, set 
tolerably fine, and then through a pair of Cornish rolls, whence 
it is elevated by an endless belt with buckets to a revolving 
drum-screen with meshes \ inch square, what fails to pass 
the screen being returned to the rolls by a chute. The ore 
which passes the screen goes down the chute through the 
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automatic sampler directly into a sack held at the mouth of 
the chute. 

I have used a patent sack-fastener which can be tied up in 
a half a minute, and dispenses with sewing. One sack is tied 
while the next one is filling. The 
automatic sampler I use is shown 
in Fig. 3. (a) is a sheet-iron fun- 
nel by which the falling ore is 
thrown together into a small 
stream, whence it falls on (A) and 
is immediately scattered over the 
entire width of the box and falls 
into funnel {c), which, from the 
shape of its mouth, discharges a 
flat stream 12 ins. X I inch, and 
thoroughly mixed. The trough 
(d), I inch wide, is placed di- 
rectly under (c) and at a sharp 
inchnation, and carries ofT con- 
stantly one-tenth of the stream, 
the remainder going directly into 
the sack. The trough [d) leads 
by a tube into a box, and the 
portion conveyed there consti- 
tutes the sample. 

Thus when a 10-ton lot is run 
through the mill, a i-ton sample 
is found in the box. This is then 
dumped on a clean floor and 
mixed by shovelling over a coni- 
cal pile, every shovelful going to 
the apex of the pile. This is 
then thrown by shovelfuls over 
a scoop-shovel, constructed as in 
y\ I^'S- 4> O"" sometimes over one 
like Fig. 5. What is caught in 
the scoop, viz., about one-tenth 
of the main sample, is dumped 
alternately in two heaps, making a double sample, called 
original and duplicate. The two samples are then each cut 
down separately by throwing again over the scoop-shovel, 
sweeping up carefully each time, until they weigh about 10 




Pio. 3- 
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pounds each, when they are taken to a small pulverizer, con- 
structed like a coflfee-mill, and connected with the shafting. 
Here they are ground to about the size of coarse sand. Each 



sample is then thoroughly mixed by rolling on an oil-cloth, 
and then cut down on an ordinary tin splitter, like Fig. $ — 



FIG. 3- 



of rather deep and wide troughs, however — to about 2 pounds, 
when it is ground on a rubbing-plate ttll all passes a 20-mesh 
sieve. It is then cut down on a finer splitter with ^-inch 
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troughs to about } pound, and this is finally ground on the 
plate till all passes an 80-mesh sieve. 

The two pulp samples are then mixed thoroughly on glazed 
paper, and each divided into three portions — one for the sam- 
pler, and one for the miner, who has it assayed by his own 
assayer as control, while the third is sealed up to serve as 
umpire in case of disagreement ; buyer and seller have each 
an original and duplicate, and each is assayed tn triplicate, so 
that twelve assays are made on the lot. The triplicates should 
agree well, to satisfy one of a correct assay ; original and du- 
plicate should agree, to satisfy one of a correct sampling ; and 
the control must agree with the sampler, to satisfy the seller of 
fair dealing. A difference between sample and control of 
I per cent, on the whole value is usually settled by halving the 
difference, while a larger difference calls for a reassay and per- 
haps for a resampling of the entire lot. 

In resampling, the whole lot is shovelled over the scoop- 
shovel on the floor of the mill. When both parties are satis- 
fied, a settlement is made at schedule rates or the lot is put 
up for bids. 

In some sample pulverizers the ground material falls direct- 
ly over a set of segmental boxes grouped radially around the 
verterial shaft of the grinder. Seller and buyer then choose 
each a box for his sample. 

Mechanical samplers are of limited use, however, in Col- 
orado. Most of the smelters' sampling establishments sample 
by shovelling the entire lot over the scoop on the floor. At 
Salt Lake the quartering method is adopted. Where ores are 
to be smelted raw, as in Leadville, it is objectionable to have 
them brought to the fineness necessary for mechanical sampling. 
The practice then is to pass the lot through a Blake or Dodge 
crusher and through coarse rolls; to sample by scoop, and 
pass the large samples through finer rolls called sample- 
rolls ; to reduce again with the scoop to a small lot 
which is put through a sample-grinder, and finally to a 
lot which is ground fine on a bucking7plate. Automatic 
samplers require the material to be crushed rather fine, 
and to be screened, lest coarse pieces clog the apparatus. 
For rich silver ores of irregular character, rather fine crushing 
gives a more accurate sample. Ore carrying native silver, coarse, 
is almost impossible to sample, but I have found that moderate 
quantities of wire silver disappear on the bucking-plate into 
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fine powder which is quite evenly disseminated. Grinding In 
a mortar does not produce the same effect. Wet ore cannot 
be sampled, but ore need only be dried sufficiently to prevent 
adherence and packing. 

It would be an interesting problem to work out mathemat- 
ically from the doctrine of chances the principles of good 
sampling of an irregular mixture. 

The points to be observed are : 

First, — That there must be a certain maximum limit in the 
sample to the ratio between coarseness and quantity ; for ex- 
ample, a panful of ore containing pieces as large as an orange 
would scarcely be a safe sample of a lot of ore. 

Second. — ^There must be a minimum limit to the ratio 
between size of a direct sample and the entire quantity from 
which it is taken. 

Third. — The method of taking the sample must be impar- 
tial in its action and free from any tendency to select one set 
of particles at the expense of others ; for example, from ten 
tons of rich ore of the coarseness of gravel it would not be 
safe to take a first sample weighing only a few ounces. 
Further diminution must be preceded by further commi- 
nution. 

Fourth. — Thorough mixing must be effected, and by a 
method which is free from any sorting action. 

By pulverizing an entire lO-ton lot to 80-mesh fineness and 
thorough mixing, one might take a lo-ounce sample directly, 
but the aim is to minimize the crushing, hence one proceeds 
by successive steps. To take a -^ sample from a 10-ton lot I 
might take the first step by simply crushing till no piece was 
larger than 25^ inches diameter ; but other conditions impel 
me to grind further, viz., the saving of wear on sacks where 
hard quartz is abundant, and the requirements of my auto- 
matic sampler. 

All sampling processes have to be conducted with a view 
to guard against fraud, while granting full opportunity to the 
miner to convince himself that he is fairly treated. 

The double sample is a great protection against tampering 
from outside, while, on the other hand, the miner is invited 
to witness every stage of the process while his lot is being 
sampled. One sampling-works in Colorado has a room with 
glass sides in the centre of the building, in which the miner 
sits and watches his ore sampled without being able to touch it. 
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The practical working of the sampler I use is attested by the 
fact that with a season's average of over 150 ounces per ton, 
the lots shipped have been in every instance resampled at the 
smelter by scoop-shovel, and the differences rarely amount to 
I per cent. 



DETERMINATION OF ZINC AS PYROPHOSPHATE.' 

Bv GEORGE C. STONE, Ph.B. 
Some time since I had occasion to analyze a sample of water 
said to contain the tailings from an amalgamating mill. The 
analysts of the suspended matter only added up about eighty- 
eight per cent. I tried boiling the filtrate from the magnesia 
with KOH : this threw down a fine, crystalline, white precipi- 
tate ; on making a qualitative examination of this, I found it 
contained ZnO and P.O.. On weighing the precipitate, and 
calculating the amount of ZnO it contained, supposing it to be 
Zn,P,0„ I found it eleven and a fraction percent, which made 
my analysis add up very close to one hundred per cent. This 
led me to experiment with phosphate of zinc with the following 
results : 

If a mixture, of an acid solution of a zinc salt and an al- 
kaline ortho-phosphate is exactly neutralized with ammonia, 
the zinc is precipitated as a bulky, flocculent, double phos- 
phate of zinc and ammonia, easily soluble in acids or ammonia, 
and slightly soluble in potassic hydrate. If the solution in 
ammonia is boiled, the double phosphate reprecipitates as a 
fine, crystalline, white precipitate, very slightly soluble in am- 
monia, and almost absolutely insoluble in water. If the boil- 
ing is continued till the free ammonia is all driven of^, the 
precipitation is complete. On drying and igniting this precip- 
itate, the zinc is obtained as pyrophosphate, Zn,P,0,. 

This method of determining zinc has several advantages 
over the one commonly employed of precipitating as sulphide, 
dissolving in hydrochloric acid, reprecipitating as basic car- 
bonate, igniting and weighing as oxide. 

First. — It is much quicker, as it is not necessary to let the 
precipitate stand, and there is only one precipitation. 

Second. — The precipitate settles rapidly, filters quickly, 
does not run through the filter, washes easily, dries quickly, 
■ A papec read before the American Chemical Societj, March 3, iSSs. 
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brushes off the paper easily and completely when dry, and is 
very difficult to reduce. 

Third. — ^The presence of ammonia salts does not interfere 
with the completeness of the precipitation. In all of which 
particulars its behavior is quite the reverse of that of either the 
sulphide or basic carbonate. 

Fourth. — Tile pyrophosphate contains only 42,76 per cent, 
of zinc, while the oxide contains 80,25 pc cent., so that an 
error in weighing makes much less difference in the result. 

Fifth. — The phosphate does not need any purification, 
whereas the oxide frequently contains silica. 

On the other hand, the phosphate bumps badly while boil- 
ing out the ammonia, and the precipitate sticks pretty tightly 
to the beaker. If the solution is kept rather dilute and only 
just enough ammonia is added to redissolve the precipitate 
first formed and the solution is frequently stirred, the bumping 
will not give much trouble. The precipitate that sticks to the 
beaker is best removed by dissolving in a few drops of HCl, 
adding a little Na NH,HPO„ making just alkaline with NH.OH 
and boiling till the free ammonia is expelled. 

Experiment I. — Was made more to test the behavior of 
the phosphate of zinc, and to see if the results agreed, than to 
test the absolute accuracy of the method. 0.2 gms, of zinc 
coated with oxide were dissolved in H,SO, and a few drops of 
HNO„ the solution was diluted to about 300 c.c, an excess 
of NaNH.HPO^ added, and just enough NH.OH to redissolve 
the precipitate first formed. The solution was then boiled till 
there was no longer any smell of NH,, filtered, washed thor- 
oughly with hot water, dried, ignited and weighed. Gave: 

A. Zn,FiOi 0.4627 gms. ^Za 0.1979 gms. 

B. ZDjPiOt O.4&Z4 gms. =:Zn 0.1977 Rin^ 

A was filtered as soon as the NH, was expelled ; B was 
allowed to stand in a warm place for three hours after boil- 
ing. 

Experiment II. — 0.2 gms. of zinc ore, mainly oxide, was 
dissolved in HCl, HNO., and H.SO., evaporated till the HCl 
and HNO, were expelled, diluted, filtered, the iron separated 
as basic acetate, dissolved and reprecipitated by a large ex- 
cess of NH.OH, the filtrates combined and evaporated to 
about 300 C.C., an excess of NaNH.HPO. added and the zinc 
determined as in /. In a second portion, of l.o gm,, the iron 
was separated as above, the zinc precipitated by H,S in a boil- 



..glc 



26a THE QUARTERLY. 

ing acetic acid solution, let stand, filtered, washed, dissolved 
in HCI, reprecipitated as basic carbonate by Na,CO„ ignited 
and weighed as oxide. Gave : 

A. ZdiPiOt 0.3441 ^1. Zao.1471 E'nS'^rS-SS percenL 

B. ZnO 0.9149 S""^ ^ °-734' g>i>^=73-4i percent. 

Experiment III. — 0.2 gms. ferruginous blende treated as 
in //., A, gave : 

A. ZdiFiOi 0.3721 gins.=Zn sS.17 per cent. 

B. Zii,P,Oi 0.3716 ein&=Zn5S.o7 percent. 
The analysis was afterward completed and gave : 

Zn (average of two delerminationg) 5S.IZ per cent. 

Fe( '* " ) 7.61 percent. 

Insoluble slljcious inalter 1.43 per cent. 

S calculi led to give FeS and ZnS 33-9^ P*' ■*"•■ 

Total 100.12 percent. 

Experiment IV.— i.o gm. Zn{C,H,0,),2H,0 dissolved in 
water, excess of NaNH.HPO. and NH.OH added, the NH, 
expelled by boiling and the zinc determined as before, gave : 

A. ZniPgOi 0.6953 grra. — 'La. 29.73 P"' cent. 

B. Zn,r,Oi 0.6974 gms. = Zn. 29.83 percent. 

The theoretical percentage is 29.68. 

Experiment V. — To test the inBuence of alkaline and am- 
monia salts. 0.5 gms. Zn(C,H,0,),2H,0, 2.0 gms. Na,CO„ 
2.0 gms. NH.Cl, and 5,0 gms. NaC.H.O,, the zinc deter- 
mined as before, gave : 

A. Zd,P,Oi OL34S4ems. = Zn 39.7S percent. 
£. Zn,P,0, 0.3469 gms. =Zii 39.66 per cent. 

Experiment VI. — As the phosphate of zinc is soluble in 
NH,OH, while the phosphate of Ume, magnesia and man- 
ganese are insoluble in it, it seemed probable that the zinc 
could be separated by means of this reaction. The following 
experiments were tried to test this: 0.5 gms. Zn(C,H,0,), 
2H,0, 0.1 gm. Mn,0„ o.i gm. CaCO, and o.i gm. MgSO. 
7H,0 were dissolved in HCI, excess of NaNH.HPO, and 
NH,OH added and let stand cold for eighteen hours, the clear 
solution filtered off, the precipitate dissolved in HCI, reprecip- 
itated by NH.OH and a few drops of NaNH.HPO., filtered, 
washed with cold' dilute NH.OH, the NH, boiled out and the 
zinc determined as before, gave : 

A. ZntPiOi 0.3444 gms.=Zn 39.46 per cent. 

B. ZdiPiOi 0.3451 gni5.=Zn 19.51 per ceat. 

The phosphates of manganese and lime clogged the filter 
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and showed a tendency to run through it. To get good results 
the solution must be rather dilute {400 to 500 cc). 

Experiment VU.—Q.S gms. Zn(C,H,0,),2H,0 and 0.5 gms. 
MgS0„7H,0, treated as in the last experiment, gave : 

A. ZDtF,Oi a3453=Zit 39.54 V" <=">'- 

B. ZniPgOi 0.3451=31119.52 per cent. 
Experiment VIII. — As phosphate of lime filters very slowly 

and is very difficult to wash, I tried precipitating the lime as 
oxalate in a rather dilute solution, decanting, dissolving in 
HCI, reprecipitating and determining the zinc in the filtrate as 
phosphate. 0.5 gms. Zn(C,H,O,),2H,0, and 0.25 gms. CaCO, 
taken, gave : 

ZdiPiOt 0.3429 gms. =Zn 19.32 per cent. 

Experiment IX. — 1.365 gms. Zn,P,0, heated to redness for 
about half an hour weighed 1.365 gms. 

The results of the separation are not as good as I could 
wish ; but I intend to continue the experiments in hopes of im- 
proving on them. 

RESUME. 



VI.. 
VII... 



Impure liiu 

Zinc ore. 

Blende. 

Zi)(C,H.O.],aHiO 



Za,P,0, 



I 0.7341 

3973 



1.365 



0.1476 
0.1466 
1-365 



( Theory requires 0.3968 gms. 
( Zn. 

i +2 Rms. NH.O+3 gnu. Na, 
I ( CO, + 5 gms. NaC,H,0,. 
\ +O.I gm. MniO,+o. ■ gm. Ca 
( CO.+o.i em. MgSOjHjO. 
j +0.5 gms. MgS0,7H,0. 
i -faa5 gms, Ca,COi sepuated 
( as oxalate. 
Ignited for half an boar. 



Since making the above experiments I have found that 
Hugo Tamm {Chemical News, xxiv., p. 148) has proposed to 
weigh zinc as the double phosphate of zinc and ammonia, Zn 
NH.POj, which, of course, necessitates the use of a weighed 
Biter. His method is as follows : Make acid solution of a zinc 
salt alkaline with NH.OH, then barely acid with HCI and add 
a solution of Na,HPO„ heat nearly to boiling for a few min- 
utes, filter, wash, dry at 100° C, and weigh as ZnNH,POj. 
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He states that there is invariably a loss when the double phos- 
phate is converted into pyrophosphate by ignition; but from 
the results of my own experiments I should say the loss was 
due to his precipitate being formed in an acid solution, in 
which I have found the double phosphate to be quite soluble. 
The greater quantity of zinc found when weighing the double 
phosphate was probably due to insufficient heat in the drj'ing. 
He uses the atomic weight of 65.5 for zinc ; using 65, the one 
now generally accepted, his results would all be low. 

The composition of pyrophosphate of zinc is as follows : 
Per cent. 
iZn [30 4*763 



Zn,P,0, 304 too.00 

Nickel and cobalt form phosphates which behave precisely 
like the corresponding zinc salt ; both, however, are strongly 
colored, and so can readily be distinguished from phosphate 
of zinc. 



SAN JUAN MINE. 

By F. D. browning. 

This mine is located in the district of Cicneguilla, probably 
the oldest mining district in the State of Chihuahua. It is 
about sixty miles west of the City of Chihuahua, to which, as 
well as to all the neighboring places, there are good wagon 
roads. Its elevation is about 7,000 feet, and the climate 
superb. The whole district and town of Cieneguilla are trav- 
ersed by a stream of good water throughout the entire year, 
and by numerous streams during the rainy season. The sop- 
plyof wood for fuel, and pine timber for lumber and use in 
the mines, is abundant and at hand. 

The mines of this district are on true fissure-veins, traversing 
the southern slope of a high range of mountains, and having 
the same general trend as the latter. There seem to be two 
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distinct mineral belts on the slope ; the one higher up contain- 
ing veins which are rich in silver, while in the lower one arc 
found veins charged with lead ores carrying little or no silver. 
Going south from the mines, about two miles down the 
stream, to the point where the latter emerges from the foot- 
bills, we come to the town. This comprises a few houses of 




San Juan Mine. 

adobes, or stone and mud, and the ruins of a once large village, 
located at the head of a beautiful valley. 

History. — In 1691 the mines and town were abandoned on 
account of the Apache Indians, and remained so till 1716, 
when the San Juan and La Deseubridora mines were denounced 
by a Spanish grandee. From these mines he took a large for- 
tune, acquired the haciendas Bustillos, La Quemada, La La- 
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guna, San Diego, and Vilchcs, including an area thirty leagues 
long and ten leagues wide, lying to the north of Cieneguilla, 
and built up a large town, having five churches, called Sta 
Vera Cruz de la Cieneguilla, which at that time was the cap- 
ital of the Department of Chihuahua, and the most important 
town in the Territory. Ores which he took from these mines 
were beneficiated in Barraganes, La Concepcion, San Juan de 
Chivirsd, San Gregorio, and El Mastranzo, small towns situ- 
ated from three to ten miles from Cieneguilla, as well as in 
Cieneguilla itself. Reduction was eflected by smelting, in the 
patio, and in copper kettles. Large amounts of the slag were 
carried to Cusihuiriachic, twenty miles distant, and sold for 
$13 per ton. He worked till a date not definitely known, 
when the Apaches again depopulated the town. 

In 1796 the same mines were again denounced by one Ar- 
mendiriz, who worked them with great success for many 
years. But in 1832 the town, as well as all the surrounding 
country, was again devastated and depopulated by the Apaches, 
those hounds of hell who have ever fought civilization and in- 
dustry to the bloody end — the wholesale butchers of mankind, 
who are, nevertheless, most tenderly nursed and cared for by 
the United States Government. 

In 1856 the same mines were denounced by one Jos^ 
Gregorio Anchonda, who worked them till May, 1881, when 
some Boston gentlemen purchased them, together with a num- 
ber of other mines in the same district 

The vein in which the San Juan Mine is worked cuts across 
one of the foot-hills of the above-mentioned mountain range, 
in a course N, 85° W., dipping 75° to the S. The vein is 
traceable for half a mile, in which distance are several old 
mines more or less worked, but by far the most extensive and 
important of these is the San Juan. 

The vein has an average width of 4 feet at the surface, and 
for the most part is much decomposed. The silver is mostly 
in the form of green chloride, and the ore is very docile. 

The lowest works now accessible in the San Juan Mine are 
about 27s feet deep, while the lateral extent is about 230 feet, 
but all as irregular as were the deposits. In many places the 
passage-ways are entirely filled, hence the extent of the old 
workings cannot be ascertained. The mine is perfectly dry, 
and even 20o or 300 feet deeper, where the vein was proved 
by another mine, no water was found. Throughout tliis mine 
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the vein has been strong, and not a few places bear unmis- 
takable evidence of bonanzas. Here and there a rich piece of 
ore can be found remaining on the walls, but very few of these 
have escaped the practised eye of the Mexican " gambucinos " 
(mine robbers), and they alone can find these by candle-light. 
In places the walls are impregnated with chloride of silver to a 
depth of several feet. As a whole, this impregnated rock is 
very low grade, but by careful sorting and cleaning by hand, 
at which the Mexicans are very expert, a large amount of 
workable ore can be obtained from it. 

The dump from this mine is large, and notwithstanding 
scores of men have picked it over for more than a century, and 
hundreds of people are said to have lived from it for several 
years, pieces can still be found in it whose cleavage-surfaces 
are spotted with the green chloride of silver. 

The present company has done no new work in the mine 
except to sink a winze in the bottom, which is now 35 feet 
deep. 

Soon after this was commenced, a few hundred pounds of 
very rich ore were struck, pieces of which assayed from 954 to 
1,700 ozs. per ton, but a " horse " followed immediately below, 
occupying nearly the full width (S feet) of the vein. 

Between this "horse" and both walls, which are well de- 
fined, occur dirt-seams from two inches to a foot thick, con- 
taining iron, sands carrying silver, and some chloride of silver, 
the whole assaying 17 ozs. per ton. I have learned that since 
my visit to the mine, a body of very rich ore has been struck 
in the bottom of this winze. 

The whole vein is so soft at that point that it can be mined 
with a bar without blasting. 

The ore, as well as waste rock, is carried to the surface on 
the backs of men ; there it is sorted and cleaned, and thence 
taken to the reduction works in the town in a wagon drawn by 
mules. 

Reduction of the Ore. — The ore which is not already suffi- 
ciently fine is broken to nut-size by hand, then ground in ar- 
rastres till the coarsest would pass a twenty-mesh sieve, then 
lixiviated by the Von Patera process, and the tailings from 
this concentrated on an inclined bed by hand, and the concen- 
trations sold to a smelting company. 

This is rather a singular combination of primitive and 
modern scientific processes, but the Mexican processes which 



.,glc 



268 THE QUARTERLY. 

at first seem so crude should not be too quickly ignored and 
condemned ; for while they cannot compete with improved 
machinery where labor is high, fixings and repairs are cheaply 
obtainable, and large quantities of ore have to be promptly re- 
duced, they can be used successfully and profitably where 
machinery could not be thought of — for example, in out-of-the- 
way places where the mines are not developed, and the quan- 
tity and quality of ore not certainly ascertained. Until these 
two points are settled beyond a doubt, no large amount of 
money should be expended for reduction works. 

The cost for breaking the ore by hand between two stones 
is $i.os per ton, and when we consider that not a cent is to be 
added to this for materials or repairs, it is not an extravagant 
method for crushing moderate quantities of ore. While ar- 
rastres are not as well adapted for grinding ores to be lixiviated 
as those to be amalgamated, because a quantity of very fine 
slime is produced which retards leaching, nevertheless they can 
be and are successfully used for this purpose ; and the cost for 
grinding in them is only $i.oo per ton. 

The Von Patera process is the one naturally adapted to the 
extraction of the chloride of silver ; because no expensive plant 
is required, tanks of masonry lined with pine-tar being used ; 
all the materials for making the solutions can be easily ob- 
tained ; and especially because it is cheap, only costing $1.50 
per ton. 

The method of concentrating the tailings is primitive, but 
perfect. The concentrator consists of a bed of masonry, about 
€ feet long and 4 feet wide, inclined about 10°, with sides about 
8 inches high. The tower end of this reaches to the edge of a 
running stream of water. 

The tailings are shovelled in a pile on to the upper part of 
the bed, A Mexican sits on a plank thrown across the stream 
opposite the lower end of the bed, and with a horn, with a slit 
cut from the side to allow the air to escape, directs a stream of 
water, which is kept nearly constant, first against the foot of 
the pile, which washes the ore down the incline, then against 
the sheet of ore and water running down, which separates very 
perfectly the heavy particles from the light, the former settling 
to the bottom and being held by a cleat across the lower end, 
while the latter are washed over into the stream. 

This concentrator is called a " planilla." 

The cost for concentrating one ton to 200 lbs. is $1.60, and 
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the result of the work can best be shown by the following rec- 
ord of assays ; 

Ore before leaching, 14 ozs, per ton. 

One ton of same concentrated to 250 lbs., 1 10 ozs. per ton. 
[Note. — The small loss was occasioned by scales of chloride 
of silver being carried off by the water; because the tailings 
from concentration assayed nothing,] 

Ore after leaching with CaS.O, in the tank, 6 ozs. per ton. 
One ton of same tailings concentrated to 166 lbs., 65 ozs. 
per ton. 

Tailings from concentration, o ozs, per ton. 
The following statement of costs will serve to show how 
economically work may be performed, even when working in 
a very small way and with Mexican methods : 

Cost to mine and extract 1 ton of ore $3-50 

" haul to reduction works i ton of ore. . .40 

" break 1 ton of ore 1,05 

" grind I ton of ore i,CX3 

" lixiviate i ton of ore 1,50 

" concentrate i ton of ore 1.60 

Total $9.05 

The accompanying sketch of the San Juan Mine is a fair 
representation of a Mexican mine, 

The workings are about as irregular as in most mines, and 
the facilities for entering, leaving, and extracting ore — by pole- 
ladders — are the usual ones. 



MINE SURVEYING. 

By G. a. SUTER and H. S. MUNROE. 

Owing to the difBcuIties which are generally experienced 
in the connection of underground with surface surveys, and in 
carrying the lines of underground surveys through winzes and 
stopes of steep pitch, we hope that the following review of the 
methods with which we are acquainted may prove interesting 
to our readers. When the territory of the underground sur- 
vey, for example a mine, is connected with the surface by an 
horizontal heading or by an inclined shaft, the connection is 
easily made with an ordinary transit. When, however, access 
to the mine can be had only through a vertical shaft, perhaps 
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not more than six feet square and several hundred feet deep, 
the problem becomes more difficult. Four different methods 
may then be employed, each one having its advantages under 
peculiar circumstances. The first and second, although pretty 
generally known, will still bear repetition, while the third, 
which we take from a recent number ol Engineering, and the 
fourth, suggested by Mr. S. W. Balch, '83, S. of M., we be- 
lieve to be new. 

First Method : With a Mining Transit. — In a transit of 
ordinary construction the telescope cannot be elevated or de- 
pressed more than 50° without the line of sight being inter- 
cepted by the horizontal limb of the instrument. In a mining 
transit this difficulty is overcome by several different forms of 
construction. In the eccentric mining transits an auxiliary 
telescope is attached outside of the standards to the prolong- 
ation of the horizontal axis of the main telescope, or the main 
telescope itself is permanently mounted in a similar position. 

Another plan is to incline the standards of the telescope 
forward, so that its axis overhangs the horizontal limb, and 
when the telescope is brought into a vertical position the liiie 
of sight passes in front of the plates. The same result is ob- 
tained by mounting an auxiliary telescope on standards on top 
of the main telescope, so that it moves with the main telescope 
and in the same vertical plane. By the use of any of these in- 
struments, especially if the telescopes be provided with a 
diagonal eye-piece, the transfer of a line down a shaft presents 
little greater difficulty than the sighting with an ordinary in- 
strument down a steep hill. Great care should, however, be 
taken that the instrument is in perfect adjustment, so that the 
telescope shall revolve in a vertical plane. Sometimes, to 
avoid error from this source, two points in the survey-line are 
located at the bottom of the shaft, and the instrument being 
set over one of these, a back sight to the other serves to check 
the back sight taken on the station at the surface. The second 
point at the bottom may also be determined with the aid of a 
single plumb-line, as follows : The transit being set up on one 
edge of the shaft, at the top, a straight-edge is carefully placed 
in the line of sight, near the end of which a plumb-line is at- 
tached, which extends to the bottom of the shaft. A point at 
the bottom of the shaft, on the side away from the transit, has 
been previously sighted at and marked. Having done this, 
the transit is taken to the bottom of the shaft and placed in 



, <„, u i.Goot^lc 



MINE SURVEYING. 271 

line with the station and the wire. The line thus determined 
will correspond to the line on the surface, and may be used 
as a base for the undei^round survey. In suspending the 
plumb-line, the precautions mentioned in the next method 
should be observed. 

Second Method: By Two Plumb-Lines.' — In this a line is 
run across the top of the shaft, projected to the bottom by 
means of two plumb-bobs, and there used as a new base line. 
The Hne across the shaft is marked in the timbers by tacks or 
by cleats, which may be permanent and used in future surveys 
if the earth about the shaft is sufficiently firm. A straight- 
edge is placed against the tacks and two plumb-bobs, weighing 
about ten pounds each, suspended from it by means of annealed 
iron wire. The bobs are received in buckets of water or mud, 
in order to stop or lessen their vibrations, which result from 
four causes : (l) the pendulum-like motion received while be- 
ing lowered ; (2) the drippings of water from the sides of the 
shaft falling upon the wires ; (3) the infiuence of air-currents ; 
and (4) the difference in the earth's velocity at the bottom of 
shaft and at the surface is also said to produce vibration in so 
long a pendulum. The vibration or displacement of the wires 
resulting from air-currents can be more effectually stopped by 
enclosing them in boxes at all points where they are so affected. 

When the plumb-bobs have become stationary or nearly 
so, a transit is set up in line with the wires. This is accom- 
plished by changing the position of the instrument until the 
nearer wire coincides with the vertical hair and the second 
wire is concealed by the first. Or, if the wires will not come 
entirely to rest, the transit will be in line when the amount of 
vibration of second wire to one side of the first is equal to the 
extent of the vibration on the other side. The greater the 
distance between the wires, and the farther the instrument is 
from the wires, the more accurately can it be placed in line. 
The straight-edge at the mouth of the shaft should therefore 
be placed so that the greatest possible distance between the 
wires and the longest range at the bottom shall be obtained. 
When the transit is in line, two points on the line should be 
projected up into the timbers by plumb-lines, and marked by 
spuds, which are made by punching a hole into the flat head of 
a horseshoe-nail. By this means the plumb-bobs are always 

■ Sec also, Sbafi Surveyin£, by Ellis Claik, Traiu. Amer. Inst, of Mining En- 
^neen, toI. ni, p. 139. 



, g„,.d lyGOOt^lC 



271 THE QUARTERLY. 

hung in exactly the same position. Care should be taken that 
the wires do not come in contact with the sides of the shaft 
or with a projecting timber. To insure this a lamp is slowly 
passed around the wire at the bottom. If this light can be 
seen at the top of the wire in whatever position it is placed, 
then the wire is clear. It is best also to work at night, when 
the unsteadiness of the plumb-bobs will not be increased by the 
jar of hoisting machinery or the tramping of miners. 

In surveys made byE. Clark, ofEaston, Pa., the base lines 
varied from 6" to 18", and even with these small bases he ob- 
tained very good results when the underground survey was 
not too extended. 

Third: The Severn Tunnel Method. — This novel method 
was employed by Chief Engineer Richardson in directing the 
heading driven as the forerunner of the railway tunnel under 
the river Severn. On account of the length of the heading, the 
incessant jar of the pumping-engines, and the extreme wetness 
of the shaft, neither of the plumb-bob methods was applicable. 
The length of the proposed heading was two miles, and the 
available base line 12 feet. An error in observation of -^^ of 
an inch, therefore, would have become 45 inches at the end of 
two miles. As the probable error would exceed ^ of an inch, 
it became necessary to adopt some method which would not 
involve the use of plumb-bobs. A large transit, in which the 
telescope could revolve completely round on its horizontal 
axis, was firmly set up over the shaft and accurately in the 
vertical plane passing through the centre line of the tunnel. 
This line was determined by two sight-poles, one on each .side 
of the river. The heading having been driven a short dis- 
tance, a horizontal wire, loo yards long, was stretched at the 
bottom of the shaft. One end, A, was attached at the side 
of the shaft farthest from the heading, the other, B, at a point 
100 yards along the heading. About 14 feet of wire, which 
was illuminated by an electric light, was visible from the top 
of the shaft. The ends of the wire, A and B, were passed 
over the V-threads of horizontal screws and stretched by 
means of weights suspended from the ends. Thus, by turn- 
ing either screw, a very slight lateral motion could be im- 
parted to the corresponding end. The telescope having been 
carefully set up and levelled as stated above, the end A was 
sighted at and the corresponding screw turned until this end 
was brought exactly in the centre line. Tlie telescope was 
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then directed toward the farthest point of the wire visible on 
the other side of the shaft, and this point also brought into 
the centre line by tnrning the screw at the end B, 100 yards 
distant. Thus not only the 14 feet visible but the entire 
length of the wire became accurately directed into the line of 
the tunnel. If there was no refraction, due to differences of 
temperature of the air in the shaft, the only error which could 
occur would be the very minute error of observation of the po- 
sition of the wire. Even if the transit had been slightly out of 
level the result would not have been materially affected. For 
it is obvious that, if the instrument had been tilted about an 
axis perpendicular to the direction of the tunnel, then the 
plane described by the vertical cross-hair would still have 
been vertical. Again, if the telescope had been slightly tilted 
about an axis parallel to the tunnel, the vertical cross-hair 
would have described an oblique plane. But if the wire at the 
bottom of the shaft and the line sighted on the surface were 
both horizontal, then, when the former was brought in line, 
they would represent the intersections of the oblique plane 
described by the telescope with two horizontal planes, and 
would, therefore, still be parallel to each other. The line at 
the bottom would therefore have been shifted parallel to its 
proper position, an error which would not have been multi- 
plied at the far end of the heading. A base line 100 yards in 
length and practically free from error was thus obtained. The 
headings are said to have met exactly, not with a difference 
of three inches, as was at first reported. No better test of 
the accuracy of this method could be desired. 

Fourth Method : With a Tilted Transit. — This method 
may be used with any transit provided with a vertical arc or 
circle and along level under the telescope. The transit is 
inclined sufficiently to permit a full view of the bottom 
of the shaft through the telescope. The instrument is so 
adjusted, with the aid of the levelling-screws, that the centres 
shall be inclined in the direction of the line to be prolonged 
down the shaft, which ensures that the telescope shall revolve 
in a vertical plane. This adjustment can be made approxi- 
mately by means of one of the short bubble-tubes on the 
plates — the one which is at right angles to the line of sight 
being levelled, the telescope at the same time being kept in the 
proposed line of sight. The final adjustment would be most 
conveniently made with the aid of a striding level placed on the 
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axis of the telescope. As but few instruments are provided 
with such an attachment, some other means must be employed. 
The long level under the telescope may be used for the purpose 
as follows : Set the horizontal limb at 0°, the telescope being 
in the line of sight, and level the telescope accurately; then 
by means of the tangent-screw turn the instrument 5° and ob- 
serve the deviation of the bubble ; next swingthe instrument 
an equal amount on the other side of the line of sight and cor- 
rect half the error with the levelling-screws, using the pair of 
screws at right angles to the line of sight. Set the plates 
again at zero and repeat till the bubble shows the same devia- 
tion on each side. The reading on the vertical circle will then 
be equal to the inclination of the instrument, and the telescope 
will then revolve in a vertical plane and may be used to trans- 
fer the surface line to the bottom of the shaft. The back sight 
from the bottom of the shaft may, of course, be taken with the 
instrument in its normal position, if the telescope is provided 
with a diagonal eye-piece. 

It is often necessary, however, to turn an angle in going 
down the shaft, as, for example, when surveying from level to 
level through winzes or stopes. In such case, the instrument 
is set up as before, with the centres inclined toward the lower 
station, and the vernier of the horizontal limb set at zero. Note 
the inclination of the instrument, and then sight to the upper 
station, reading both horizontal limb and vertical circle. The 
angle as read on the instrument in its inclined position may be 
reduced to a horizontal angle by the following formula :' 

\ cos.\{sf:>°-\-v-\-t) I 

\ sin. i {g(f-\-v+i) > 

in which Hz=. true horizontal angle ; h = angle read on vernier 
plates ; v =; angle read on the vertical circle ; and ( = the in- 
clination of the centres from the vertical, or of the plates with 
the horizon, determined as above. 

In case the instrument can be placed so that k = 90° and 
V = 0°, then /fwill also be 90°, and no correction will be re- 
quired. 

' Tlin.'' = " the uc whose langent is" j > 
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In case it should be desirable, or more convenient, not to 
incline the axis of the instrument in a definite direction, as 
above, it is then only necessary to set the vernier at zero when 
the telescope is in the meridian in which the instrument is in- 
clined, sight at each station.and correct each reading as referred 
to the above meridian by the formula. To find the angle be- 
tween the two stations, the angles between each and the me- 
ridian plane found as above are added to or subtracted from 
each other according as the stations lie on opposite sides or on 
the same side of the meridian plane. 

The preliminary adjustment of the instrument is made very 
much as before. The vernier of the horizontal limb being set 
at zero, the lower clamp is loosened, and the instrument turned 
on its outer centre till the small bubble-tube shows that the 
instrument is approximately in position. The telescope is now 
turned 5° in each direction by means of the upper tangent- 
screw, and the deviation of the bubble in the teles cope -level 
noted in each case. If this deviation has been to the same 
amount, and in the same direction, then the plates are in proper 
position. If not, then one-half the error is corrected by the 
lower tangent-screw, and the operation repeated until the in- 
strument is in adjustment. 

A practical test of the method was made by Mr. Balch, the 
same angle was measured carefully with the instrument in its 
normal position, and again with the tilted instrument, by the 
method last described. The difference by the two methods 
was about two minutes, a result not altogether satisfactory, 
but which may perhaps be bettered upon further trials, Mr. 
Balch calls attention to the fact that, in the inclined position, 
the centre of the telescope axis should be placed over the sta- 
tion, instead of the point where the plumb is usually attached. 

The vertical angle V to any station may be obtained by 
the following formula : 

-- J, sin. h. COS. V. I > 

Cos. V= ^j—-fj— (2) 



Demonstration of Formul.^.— Let MAN represent a 
sphere whose radius is unity, circumscribed about centre of the 
telescope ; A O L, the intersection of the meridian plane 
with the surface of the sphere ; M O G, the intersection of a 
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horizontal plane passing through the centre ; L H, the arc of a 
great circle parallel to the limb; B, the intersection of the line 
of sight ; A, the pole of M G ; 
C, the pole of L H ; A B and 
C B, arcs of great circles. 

Then will O L=the angle of 
inclination of the linib=>; LH 
= the angle read on the limb= 
h ; H B=the angle read on the 
vertical circle = v ; O R = the 
true horizontal angle=H ; R B 
=the true vertical angle=i'. 
In the triangle ABC, A= 
H; C=i8o''-HCL=i8o''-A; AC=OL=("; CB=CH + HB 

.■.cot.iC=tan.iA; i(CB+AC)=i(9O° + i' + ; i(CB- 
AC)=i(90'' + f-0- 

. ■- From the first set of Napier's Analo^es we have 
COS. i(90° + !' + »■) : COS. i(90° + i'-/): :tan.iA : tan. i(H+B) 
sin. i (90° + !- + (■) : sin.l{90° + i'— i): :tan. J A : tan. \ (H— B) 

■ -■tan.i(H+B)=*^"-*^^7^^i9°° + ^-')l 

' ■ co5.i{9O° + i;+0 1(3) 

tan. i(H-B)=*5Hd*4^i??!+^^) I 

l{H+B)+i(H-B)=H. 
.-. H = tan.-')tan.i(H + B)j+tan.-'5tan.i(H-B)} 
substituting the values of tan. i(H + B) and tan. i(H — B), ob- 
tained from (3), we get formula (i), as already given. 
In the same triangle, , 

sin. A : sin, C : : sin. CB ; sin. AB. 
But sin. A=sin. H ; sin. C=sin. (i8o°— A)=sin. k ; sin. CB=sin. 
(90° + !')= cos. I/; sin. AB=sin. (90+ F)=cos. V. 
. ', sin. H : sin. A ; ; cos. v : cos. V. 
from which obtain formula (2). 

In applying formulas (l) and (2), it will be found necessary 
to consider angles of depression on the vertical circle as posi- 
tive ; angles of elevation as negative. 



Example. — Given 1=31° lo'; v=\o'* 15'; A=S2''44'. 



In 
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formula (i) calling the first term of the second member m, the 
second term «, and applying logarithms, we have : 

log. tan. i h (26° 22') I 9.695201 

+ log. cos. i (90= + 1— i") (34° 32' 30").-.. 9915777 



. cos.4{9O° + i'+0(6S''42'3o") • 



0.385755 



log. tan. m- 

.-. m=u°47'4" 

log. tan. i A (26° 22') 

+ log..sin. ^{90° + v-i)(i4''i2'io") 

+ a. e. log. sin. i (so° + v + i) {6s° 42' 30"). . . 



9.695201 
9-753586 
0.040260 



tog. tan »= 
.-. «=i7°8' 14" 
H=m + n=6i° 55' r8" 

Applying logarithms to formula (4), we get : 

log. sin. h (52° 44') 

+ log. cos. V {ia° 15') 

+ a . c. log. sin. H (61° 55' i8"> 



9.900818 
9-993013 
0.054382 



log. COS. v= 



9.948213 



.-. f^=27°2S'4i" 



SINKING OF SHAFT " B," BARNUM MINE, 
ISHPEMING, MICH.* 

By R. H. VONDY, '8i. 

In the month of June, 1879, a diamond-drill hole was bored 
750 feet west of the present location of shaft A, and 75 feet 
north of the location of shaft B. A thick bed of iron ore was 
reached at a depth of 266 feet, which, it was thought, could 
be worked profitably. 

* BeJDgan exiract from the memoir of Messrs. Vondyand Emrich. This portion 
printed gives an interesting account of shaft-sinking under difficulties rather than a 
method of sinking to be followed under similar circa instances. Had (bese difficul- 
ties be«n anticipated from the start no doubt some otber plan of worli would have 
been adopted. — %d. 
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Having succeeded in sinking shaft A to a good depth, it 
was decided to sink another, for two reasons : first, that it 
would be more economical to work with two shafts than with 
one ; and, secotid, that in case of any accident in the mine, or 
in one of the shafts, the miners would have the other to es- 
cape by. 

The quartzite and the ore-deposits are here covered by a 
bed of sand, I02 feet thick. The first bed, which is of lean 
ore, is 170 feet 8 inches below the surface of the quartzite and 
is 3 feet 6 inches thick. The next bed, which is good ore, is 
at a depth of 242 feet 4 inches, and is only 8 inches thick, 
under which lies a bed of ore mixed with chlorite, which is 26 
feet 10 inches thick, and under this again (261 feet 1 inch 
below the ledge) lies the bed of good ore, which is 26 feet 5 
inches thick. 

On January 26th, 1880, the company commenced the sink- 
ing. The ground was levelled off, and cedar logs, 40 feet long 
and 9 inches in diameter, were laid in two horizontal layers 
(the logs in one layer tying across those in the other) in such 
a manner as to leave a space in the centre about 14 feet 
square, then four large pine timbers, 16 inches square and 40 
feet long were laid across these, the second two lying at right 
angles with the first two, leaving a clear space in the centre 12 
feet square. 

The forty feet square of cedar logs was intended as a foun- 
dation for the shaft-house and also to support the large cross- 
timbers from which the timbering of the shaft was suspended. 

The shaft-house is 19 feet 6 inches square at the base, 12 
feet square at the top, and 22 feet high. It consists mostly of 
12-inch by 12-inch timbers. 

The sinking was commenced by driving 3-inch planks 
down into the sand, outside of the l6-inch timbers, and shov- 
elling the sand from the inside space as the boards went down 
until a depth of about S feet was reached, when the first set of 
timbers was put in place. These were 14 inches square and 
14 feet 4 inches long, and when put together left a space 12 
feet square inside. The timbers were held in position by six- 
teen iron bolts, i J^ inch In diameter and 6 feet 6 inches 
long, four to each timber. They went through holes in the 
large foundation timbers and through holes in the first set 
below, when the washers and nuts were put on and the tim- 
bers drawn up until they were squeezed firmly against four 
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piiie blocks, 14 inches square and 4 feet long, set on end, one 
at each corner. This set being firmly placed, the sinking was 
continued until a depth was reached at which another set of 
timbers had to be put in, this set being suspended from the 
set above in exactly the same manner as before. 

This continued until the first set of sheeting- boards had 
reached its depth, when the boards had to be driven from the 
inside and the regular fore-poHng system was adopted. The 
poling-boards were made of hard wood and were about 7 feet 
long, 2 inches thick, and 8 inches wide, sharpened at the enter- 
ing end. There was a set of round timbers, 9 inches in diam- 
eter, put in midway between every two sets of square, to give the 
poling-boards the necessary support and also to guide them ; 
but, as they were not needed after the poling-boards had left 
them, they were taken out and used over again below. When 
the wedges between the lower ends of the poting-boards and 
the timbers were taken out, and a new set of boards started, 
there still remained a 3-inch by 6-inch plank between the 
boards to keep them apart. See Fig. 3 of plate. 

This system worked very well, and by the end of February 
about 51 feet of sand had been taken out, but after sinking a 
little deeper, quicksand was met with, and with great difficulty 
the shaft was sunk about 10 feet lower, when the water and 
sand rushed in from below, and filled up the bottom of the 
shaft so quickly that the men just escaped with their lives. 

When the water and sand rushed in at the bottom, the 
whole structure, shaft-house and all, commenced to sink with a 
terrible groaning and cracking noise, and it did not stop until 
it had sunk about five feet or more. 

After a short time the damages were repaired, the pumps 
started, and the shaft was soon free from water ; then the 
workmen went down and began to take out the sand that came 
in, but when they got down to about the same distance from 
the bottom as they were before, the sand and water came in 
again with the same result, the workmen having a narrow es- 
cape, and the structure sinking about the same distance as be- 
fore. 

Before work could be resumed the shaft-house had to be 
raised some, and timbers I2 inches square crossed under it; 
then the operation already described was repeated, with exactly 
the same results as before. 

A thorough examination of the timbering was then made 
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and it was found to be very much strained and twisted, and it 
was then decided to change the system of sinking. 

The next plan adopted was to sink an iron caisson by 
weighting it and then pumping the water out and allowing it 
to rush in again, thus making room for it to drop down by the 
displacement of the sand. The larger part (4S feet in length) 
of the caisson was made during the month of August. It 
is 10 feet 6 inches in diameter inside, and consists of sections 
or rings 4 feet high, each section being made in three parts. 
The sheet-iron of which it is made is one-half of an inch 
thick, and each part has a three-inch flange all around its edge, 
so that it can be fastened securely to the parts on each side of 
it, and to the sections above and below. The flanges arc 
braced by angle-irons three-sixteenths of an inch thick, and the 
parts forming the sections and the sections themselves, are 
bolted together by 5^-inch bolts, four inches apart between 
the centres. To keep it from leaking, pieces of ^^-inch hemp 
rope, well tarred, were placed between the flanges before fas- 
tening them. A steel section, one foot high and in three 
parts, was fastened on the bottom by rivets. Its edge is quite 
sharp, and it projects about six inches below the sheet-iron. 

When a number of sections of the caisson were ready, 
they were put together, one by one, directly over the shaft, 
and as the work proceeded the caisson was lowered, and when 
it stood on the bottom there Was about two feet of the sixth 
section above the water; the remaining sections were then put 
on, making twelve in all, and the timbering commenced on the 
inside, beginning at the bottom and proceeding upward, the 
bottom timbers resting on the lower flange of the seventh sec- 
tion, which is twenty-four feet from the bottom of the caisson. 

The timbering was so arranged as to leave a clear shaft 
with a cross-section of nearl}' 5 feet by 9 feet, and the spaces 
left on each side of this were closed in with thick plank 
and sills placed across, every eight feet. These cells were 
filled, as the timbering proceeded, with old iron, poor ore, and 
any heavy substance that could be found, care being taken to 
keep the weights on each side as nearly equal as possible. 

The ladders were fastened vertically against the timbers at 
one side of the shaft, and a pump was placed in the shaft in a 
small space left for it in one of the cells, a little above the level 
of the water, and the discharge-pipe arranged so as to empty 
the water into a launder which carried it ofl'to the swamp. 
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When everything was ready the pump was started and the 
water all pumped out, and a number of men set to work to 
send up the sand, which they continued to do until they 
nearly reached the bottom of the caisson, at which point the 
sand and water rushed in, the caisson sinking as the sand was 
carried from under it, until it had settled about ten feet. The 
workmen, always being on the watch for this occurrence, es- 
caped without much danger. 

The pump was again started, the shaft pumped dry, and 
the excavation resumed ; but the sand became more treacher- 
ous and the*men had more difficulty working with it. Conse- 
quently, the results were not nearly so good, and the work 
progressed very.slowly. It was, nevertheless, continued until 
a depth of 58 feet was reached when, after a long and hard 
struggle, a further drop of two feet was accomplished. 

It was now discovered that the valves of the pumps were 
completely worn out by the action of the sand passing through 
them, and before proceeding a new pump had to be procured, 
which was ordered to be made very lai^e and so constructed 
that it could pump sand mixed with water without injury to 
the valves. As the pump had to be made it caused a great 
delay, but as the men were needed to repair damages done 
to shaft A by a fire, they were kept at work in the mean- 
time. 

As the caisson stands now it is 71 feet long, new sections 
having been put on at different times. The last or top one is 
made of 5^-inch plate and is only 3 feet high, but it will have 
more than one foot of its length out of the water when the 
caisson rests on the ledge. The timbering has been carried 
up to the top and all the cells loaded. The total weight of the 
ballast is about 75 or 80 tons. 

The top of the caisson is 21 feet below the grass level, and 
the bottom is only 10 feet from the ledge, but the sand is 
about 10 feet deep in the bottom of the caisson and the water 
is within 1 1 feet 6 inches of the top. 

There are two pumps still in the caisson ; one is a No. 5 
Cameron, which is iS feet, and the other is a No. 8 Knowles, 
which is 22 feet, below the surface of the water. The supply 
pipe, which is two inches in diameter, is not large enough and 
will have to be replaced by a larger one ; but the discharge 
pipes, 4 inches in diameter, and the exhaust pipes, 2^ inches 
in diameter, arc all in good order and can be used again. 
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The large foundation-timbers have sunk down about 18 
feet in the sand, and having sunk faster on one side than on 
the other, have consequently broken the iron rods on one 
side which held the timbers together, and made it necessary to 
block up the shaft-house so as to get it plumb again. 

Arrangements had been completed for the repair of these 
damages and to have things ready to resume work when the 
new pump came. This was expected about the first part of 
August. 



THE INCLINED PLANES OF THE MORRIS CANAL.' 

By HERBERT M. WILSON, C.E. CLO- 
THE difficulty of raising canal boats over great falls, re- 
quiring a series or flight of locks, considerable time, and great 
expenditure of water in the operation, led to the adoption of 
other means, viz.: (l) perpendicular shafts; (2) inclined lifts, 
or planes. The former, though used on the Great Western 
Canal, England, are not of a sufficiently extended application 
to require attention. The inclined lifts, however, have been, 
and are at all times, for falls of considerable height, the most 
economical. Like many other things, these lifts were first 
carried out by the Chinese. The first application, however, to 
modern canal systems is due to William Reynolds, who in- 
troduced them, in 1792, in the Shropshire Canal Subse- 
quently this system came into extended use on the canals of 
England. 

THE MORRIS CANAL. 

This canal was chartered December 31, 1824; began July, 
182s, and completed from the Delaware River to Newark, 
during August, 1831, and extended to Jersey City in 1836. 
The planes and locks were enlarged in 1841. Its original di- 
mensions were as follows : Canal — width at bottom, 20 feet ; at 
top, 32 feet ; depth of water, 4 feet. Locks — chambers, 9 feet 
wide by 75 feet long between mitre-sills. Planes — to correspond 
with locks, first constructed on various plans, 20 summit- and 3 
lock-planes in all. The boats carried cargoes of 20 gross tons. 
During the winter of 1835-6, the summit-planes were altered 
to lock-planes. They were widened 2 feet, and the lock- 
' Abstract of ■ memoir submitted by Mr. Wilson. 
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chambers enlarged to II by 95 feet in 1S41. The canal was 
sold in 1844, and the new company organized October 21, 

1844. In 1845 the canal was enlarged, the width being 25 
feet at the bottom, and 40 feet at the top, and the depth in- 
creased to 5 feet. The section boats were first introduced in 

1845, and carried cargoes of 45 gross tons. From 1850 to 
i860 all the planes were again altered to summit-planes, re- 
built and adapted to wire-rope haulage. 

Elevations : 

Mean tide-water to canal summit. 

12 inclined planes 757 feet. 

16 lift locks 157 " 914 feet. 

Delaware River (low water) to canal summit. 

r I inclined planes 691 feet. 

7 lift locks 69 " 760 feet. 

Total rise and fall i ,674 ' ' 

Summary of Cost in Round Numbers. 

From Delaware River to Newark $2,000,000 

Alterations of planes in 1835-6 230,000 

Extension to Jersey City in 1836 600,000 

Greenwood reservoir and feeder , 1 70,000 

Enlarging planes and locks in 1841 400,000 

Total $3,400,000 

Enlarging canal and rebuilding planes 1,700,000 

Total cost $5,100,000 

The greatest rise in any plane is 100 feet, its length being 
1,600 feet (near Washington, N. J."), The summit is at Port 
Morris, 41.34 miles from the Delaware River, and 60. So miles 
from tlie Hudson River. The least rise of any plane is 44 feet. 
It is 3.4 miles from the Delaware, and 99.11 mites from the 
Hudson River. The whole length of the canal is 102,15 miles, 
the longest level (at Paterson) being 17.5 miles. 

The boats, which are in two sections, are joined together 
by latches and steadying-pins, the ends abutting against each 
other. Transverse partitions of wood separate the two com- 
partments, each of which is really a boat by itself. The aver- 
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age tonnage is about 65 tons, but the planes can transfer boats 
of as much as 100 tons weight. The sectional system of boats 
was not adopted to suit the planes, but was previously intro- 
duced. It is, however, of great advantage in the use of the 
planes. 

The first of the class of planes at present in use was intro- 
duced in 1848, at a cost, including machineryj of $27,835. It 
is 900 feet long, and the fall 51 feet. It superseded six locks. 

The track of the plane in each case runs a short distance 
along the bottom of the lower bay, under water, rises up the 
incline to above the water level of the upper reach, then de- 
scends into the upper reach and runs a few feet along the 
bottom. The grade of the inclines is in general about i to 11. 

The trucks which carry the boats, are, like the boats, di- 
vided into two sections, each section having eight wheels with 
flanges on each side of the rails. They are provided with 
strong stanchions to which the boats are fastened with hawsers. 

The planes are in each case worked by a reaction water- 
wheel, and the levers for regulating the supply of water and 
for the control of the brakes are in a high tower, from which 
the man in charge can see the whole plane. This tower con- 
tains also the water-wheels and other machinery and is about 
midway between top and bottom of the plane and at the end of 
the flume. 

The water-wheels have four arms and describe a circle 12 
feet in diameter. The openings for efflux of water at the ends 
of the arms, are iSJ^ inches high by 3j4 inches wide, and the 
wheel is placed far enough down the incline to get a head of 
45 feet. The dischai^e is 1,000 cubic feet per minute, and 
23s horse-power produced. 

The quantity of water needed for these wheels is less than 
one-twentieth of the amount expended in a series of locks of 
the same total height or lift 

The first boat tried on the plane which was opened in 184S 
was taken up in 3^ minutes, the weight of boat and cargo being 
70 tons. 

These inclines were constructed under the direction of 
Messrs. Asa Whitney and W. H. Talcot, chairman and engi- 
neer of the company. 

The wire rope and the trucks used on these planes were 
manufactured by J. A. Roebling & Sons, ofTrenton. The 
winding-drum is 12 feet in diameter, and is worked by the 
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water-wheel ; it has a continuous spiral groove of 3-inch pitch 
in its periphery. The rope is fastened at opposite sides of 
the drum, so that as one end winds the other unwinds. The 
motion is rendered reversible by a clutch on the jack -shaft of 
the water-wheel. 

The Stanhope plane is of the same general type as all the 
planes west of the summit, and may be taken as an example. 

The plane has a single track of two lines of heavy steel 
rails, 12 feet 4^ inches from centre to centre. The rails are lyi 
inches broad at top, 3J^ inches high, and weigh 76 pounds to 
the yard. They are spiked to longitudinal stringers of wood 
6 inches high by 8 inches wide, resting at intervals on large 
flat stones two-thirds imbedded in the ground. 

The car or cradle is in two sections, fastened together by a 
chain and a link. Each section is provided with snubbing 
posts, by which the boat is secured in the proper position as it 
floats into the car. Long " fender " boards on each side serve 
to support the boat when it is hauled from the water. 

The wire cables are so arranged that as one winds on the 
drum the other unwinds. The two ropes pass around sub- 
merged horizontal sheaves at the bottom and top of the plane. 
The car has a wire rope attached at both ends, the "back- 
rope" to one section, and the main rope to the other. The 
latter is fastened to a small drum on the car, by which the slack 
can be taken up and the rope kept taut. Each section of 
the car has eight double-flanged wheels, provided with brakes. 

If the car is to be drawn out of the lower reach and up the 
plane into the upper bay, all that is necessary is for the engi- 
neer in the plane-house, called the "plane-man," to turn the 
" tub-wheel " which lets the water into the reaction water- 
wheel, and the drum winds up the cable at one end and un- 
winds it at the other, drawing the car up. 

To take a boat down the plane, if it is empty, it is hauled 
out of the upper reach, the water shut off the wheel, and the 
car allowed to descend by its own weight, A boy on the 
car can apply the brake if the speed of descent becomes too 
great. If the boat is loaded, the plane-man puts on about half 
water — that is, opens the tub sufficiently to allow one-half the 
amount of water for full power of wheel. This prevents the 
boat from going down too fast. The planes west of the sum- 
mit are uniform ; those east of it vary somewhat. At Drakes- 
ville, for instance, the plane is 1,770 feet long from centre of 



,,<„u..u i^Gooi^lc 



INCLINED PLANES OF THE MORRIS CANAL, ag; 

wheel-pit to centre of wheel-pit, its total rise is 50 feet grade — 
I in 10, it requires 5,900 feet of cable to work it, and the total 
head on the wheel is 30 feet. It difTers mainly from the Stan- 
hope plane in having but two lines of cable instead of four, and 
but two grooved pulleys. This simplifies the construction ma- 
terially, and makes a great saving in wire cable, pulleys, pul- 
ley-block stands, etc. Besides, the plane works more easily, 
and there is less slack. Instead of passing out in the same di- 
rection from opposite ends of the perpendicular diameter of the 
drum, it passes out in opposite directions from the same end 
of the diameter. Instead of being carried all the way on small 
pulleys, the cable is supported near the water's-cdge on two 
large vertical 1 1- or 14-foot groove-wheels. These wheels are 
in large masonry pits or slots in the ground, so that their upper 
surface is but a httle above the surface of the ground. 

All of the east side plane-houses are two stories high above 
the ground instead of three stories, as on the west side, the 
brake and reversing-lever attachments being thereby greatly 
simpHfied. 

All of the water-wheels are covered with a plate of iron, 
above and below ; this entirely covers them, excepting a few 
inches over the nozzle. In all other respects these planes are 
entirely similar to the one at Stanhope. 

At Washington and at Newark there are planes of a differ- 
ent construction. These are double -tracked, two double lines 
of rails running parallel and the whole length of the plane. 
There are two cars, one ascending while the other descends, 
meeting half-way. The cable is arranged as at Stanhope, 
This arrangement relieves the machinery of part of its work, 
as the descending car helps in raising the other one. 

From careful observation, I find that to take a loaded boat 
up the plane at Stanhope, from the time it starts below until it 
just Boats in the upper bay, it takes from g minutes lO seconds 
to 6 minutes. The average being about 5 minutes 30 seconds. 
For lowering a loaded boat, on the average about 2 minutes 
40 seconds are required; for an empty boat, 2 minutes 50 
seconds. For an empty car, without boat, 2 minutes 45 
seconds. As it would take about four such planes in length 
to make a mile, it would require 11 minutes to draw an 
empty boat a mile up such a plane. For a descending loaded 
boat, 9 minutes ; for an ascending loaded boat, 22 minutes. 
These figures are as near as can be approximately reckoned, 
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and equal the ordinary rate of travel of the boats when drawn 
by mules, about one mile in 30 minutes loaded and one mite in 
20 minutes unloaded. Hence we sec that, unlike the locks, the 
boats are being raised and at the same time proceed at their 
ordinary rate of travel ; for, although while on the plane the 
speed is somewhat greater than in the canal, allowance must 
be made for the few minutes spent in getting the boats into 
the car ; besides, in going a mile, the boat rises vertically 
about 300 feet on this particular plane. 

From the above we find that while a boat takes probably 
about 8 minutes to go through a lock of 6 feet rise, to go 
through a flight of 12 locks, equal to a plane with a rise of 70 
feet, would take 96 minutes ; and during all this time a boat 
not only in passing a plane loses nothing in horizontal motion, 
but by the saving of time is enabled to advance about five 
miles while the other boat is passing the locks. The saving 
of time is evidently considerable. 

On the whole canal there are twenty-three planes, with an 
average lift and length of that at Stanhope — the total length 
six miles. It takes the empty boats €^ minutes and loaded 
boats 198 minutes to travel this distance, and as there are as 
many boats going down as there are going up, the average 
time consumed in travelling these six miles is 133 minutes or 
one mile in 22 minutes, which is better than ordinary canal 
speed. 

If, instead of these planes, there were twenty-three flights 
of locks, each one consuming 96 minutes in its passage, the 
whole would require a loss of 36 hours, or in distance — at the 
rate of one mile in 22 minutes — of lOO miles ! 

The cargoes carried on this canal are almost exclusively 
coal and ore, with occasionally a load of grain or wood. Of 
wood, grain, or coal, the boats take a full load to sink to the 
water-line, but ore being heavier for the same bulk, a very 
little in the bottom is all they can carry. The usual load is 70 
tons, but sometimes 75 and 80 tons are carried ; the latter, 
however, is uncommon. The empty boats weigh from 14 to 
18 tons, average 17 tons. The cars alone weigh from 38 to 45 
tons, and average 40 tons ; hence, the average weight raised 
on the planes is 127 tons, and it may be as high as 143 tons. 

The grades are never very steep ; at Stanhope the grade is 
about I in 10; at Port Morris it is i in 20; the steepest, I in 
9 ; average grade, i in II, 
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Expenses. — The first cost of a plane considerably exceeds 
that of a single lock, as do also the running expense, repairs, 
etc. A plane with a rise of ^0 feet, however, will cost very 
nearly the same as a Hight of six locks of a rise of 12 feet each. 

The wire cable costs about $1 per foot, and needs re- 
placing about once in three years. The large drum costs 
about $3,000, and lasts many years. The entire machinery 
needs replacing about once in ten years, with the exception 
of the drum and shafts, which last much longer. In locks 
there is very little repairing to be done, with the exception of 
the wickets, which do not last, but are small and cheap. 

We will compare an average plane, as that at Stanhope, with 
a lift of 72 feet, with a flight of twelve locks lifting each 6 feet. 
For a loaded boat, the plane takes 5 minutes 30 seconds = 
330 seconds for passage. The water m the flume lowers 7 
inches and flows at a velocity of 120 feet in 60 seconds = 2 
feet in 1 second. The flume is 8 feet wide; hence, the wheel 
consumes 8' x 2' = 16 square feet of water per second, this 
multiplied by 7" in depth, gives the consumption of 9^ cubic 
feet per second ; and if the boat takes 330 seconds for its pas- 
sage, the total amount of water required to raise a loaded boat 
from the lower to the upper bay is 330 x 9J^ cubic feet = 
3,180 cubic feet. To take a boat down, the water lowers i inch, 
the velocity is 48 feet in 60 seconds, equal to about J^ feet in 
I second ; this multiplied by 8 feet, the width of the flume, 
gives 6 square feet per second x l" (the depth) — % cubic 
foot per second ; and for 3 minutes = 180 seconds it takes 90 
cubic feet of water, which is expended in holding the boat 
back. 

In a flight of locks, each 95 feet long by 11 wide, with 6 
feet rise, we have 95 x 11 feet x 6 feet = 6,270 cubic feet 
for only one lock ; for twelve such locks, equal to a rise of 72 
feet, the amount of water would be = 72,240 cubic feet. 
Hence, the locks expend about 23 times more water than the 
planes for a loaded boat, and 836 times more for an empty 
one. This item of economy of water is of prime importance 
in canals, especially in dry seasons. 

The question whether the locks or inclines can be most 
advantageously used on a canal for effecting a change of 
level is not readily answerable. The advisability of adopting 
one system or the other depends, in each case, on the supply 
of water obtainable and on the amount of traffic. The ex- 
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pense is reduced by transferring a greater amount of load at 
one time ; this requires a large expenditure in construction, 
and the advisability of making such expenditure depends on 
the amount of traffic. The planes, however, cost very little 
more than a flight of locks of the same lift, consume less than 
one-twentieth of the amount of water required by locks, and 
save 60 per cent, in the time of passage, as the average rate of 
travel (four to five miles an hour) is continued horizontally 
while the car ascends the slope. 

To sum up, one lock is more economical than a short 
plane ; a plane is more economical than a flight or series of 
locks, especially in the items of water and time. A plane in- 
volves more machinery, details, etc., than a lock, but not so 
much as to make it more expensive than five or six locks in 
series. 



DETERMINATION OF "TOTAL CARBON" IN STEEL 
AND PIG-IRON. 

By H. F. STARR, Ph.B, {'79). 

No claim is made for originality, in any particular, for this 
method. All that is intended to be shown is how the deter- 
mination may be made with speed and accuracy. 

A concentrated solution of CuCl,, as near neutral as possi- 
ble, should be made, diluting this to three times its volume. 
Also a concentrated solution of CuCl,, in which t]ie presence 
of hydrochloric acid makes no difference. 

For steel, weigh out 3 gr., and for pig-iron, i gr. Put into 
a small beaker holding about 250 c.c, and add 50 c.c. dilute 
CuCl, solution. For a few moments the contents of the beaker 
must be kept in motion, in order that the copper may come 
down spongy ; if it is allowed to stand, the copper will form 
crystals exceedingly hard to dissolve. The reaction of the 
CuCl, on the steel produces considerable heat, and it is neces- 
sary that, to prevent loss, it should be held in cold water 
occasionally. 

With soft steel or pig-iron the operation may take a little 
longer, but in the case of hard steel, especially when the shav- 
ings are thin, five to ten minutes are long enough to insure 
the complete precipitation of the copper. Add 50 to 75 c.c. 
concentrated solution of CuCl,, and 10 to 15 c.c. concentrated 
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hydrochloric acid ; place on a water-bath, and when thoroughly 
heated, commence stirring at short intervals, until complete 
solution of the copper is effected, then filter. The funnel 
should be made of soft glass tubing, 4 or S in. long, with an 
inside diameter of ^ in., drawn to a point, and broken off. 
Put in pieces of broken glass up to the shoulder, and then a 
layer of asbestos. The way in which the asbestos is put in 
determines largely the length of time required for the analysis. 
If pressed in too hard, especially with very soft steel, it may 
take a whole day to filter. It can readily be arranged to allow 
the liquid to run through almost as fast as it can be poured in. 
After the solution has been filtered, add 4 or 5 c.c. hydro- 
chloric acid, to insure complete solution of cuprous chloride. 
Wash well with hot water, using at least 200 c.c; then add 10 
c.c. absolute alcohol, and draw this off as completely as possi- 
ble, either with the aid of a filter-pump, or by attaching a piece 
of rubber tubing to the end of the funnel and drawing with the 
mouth. Dry in an air-bath, and then push out carbon and as- 
bestos into a platinum boat. Cleanse the tube thoroughly with 
a little dry asbestos. 

In my own work I use a platinum combustion-tube with 
platinum caps fitting over the ends of the tube. One U-tube 
filled with fine calcium chloride, between the combustion-tube 
and the U-tube containing the soda lime, is sufficient; the 
more drying tubes there are, the greater chance for loss. 

Perhaps the most simple way to fix a soda-lime tube is to 
put, midway between the top and bottom of that side of the 
tube farthest from the combustion-tube, a bit of cotton ; on 
that a half inch of granulated calcium chloride, and then another 
bit of cotton. The rest of the tube is of course to be filled 
with soda-lime. I prefer soda-lime to a solution of caustic 
potash for two Reasons : first, by using soda-lime you can 
always tell when the combustion is completed by the cooling 
down of the tube to the temperature of the room, and second, 
there is no resistance to the gas passing through. 

Always run oxygen gas into the soda-lime tube before 
weighing. I never use oxide of copper to help the combus- 
tion, but simply employ oxygen both to burn the carbon, and 
instead of an aspirator to cool it 

The whole operation may readily be completed iit two hours. 
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Mining Engineering. 

The following sections of two shafts sunk under the direction of 
Thos. F. Van Wagenen ('70) may prove of interest to some of our 
readers : 



Geological Section, Shaft No. 1, Tip 
Top Mine, East Fryer Hill, Leadville, 
Col. 

Feet. 
Surface debrix, having the appear- 
ance of a morainal deposit 95 

Haul gfay trachyte 140 

Black shale, greasji and brittle, with 1 
iron pyrites slightly dissemiuaied. 5 

Hard white trachyte 38 1 

BUck shale (as before) 10 

Soft yellow trachyte, fracture planes 
stained with iron and manganese 
oxides carrying trace of ulver. 
Occauonally fragments of chert 
(angular) containing bunches and 
vugs of iron pyrites assaying 5 to 

zo ounces ^Iver per ton 

Coarse blue sand, composed of dis- 
integrated blue limestone and 
trachyte assaying slightly of sil- 

Rounded fragments and masses of 
brown and bln.cl[ silicious hema- 
tite showing silver chlorides ; 
spaces l>etween filled with de- 
composed trachyte 



Geological Section, Shaft No. 2, 
Amie Mine, Fryer Hill, Leadville, Col, 

Feet. 

I Morainal wash and debris 80 

Very hard gray trachyte lo 

' Brown hematite containing bodies 

of lead carbonate ricii in silver. 

This layer has produced up to 

date about f 1,100,000 30 

Trachyte, same as above 50 

Hematite as above, but containing 

only small and unprofitable bodies 

White and very hard trachyte 70 

Hematite similar 10 last layer 5 

Soft yellowish trachyte, fractured 

into small blocks 4J 

Wash, consisting of a mass of de. 
composed trachyte containing 
rounded boulders of limestone, 
qaaitzite, granite and very sili- 

cious trachyte 50 

Trachyte hard 20 

Quartute no 

475 



336 



At this depth Ihe flow of water over 
came the pimips, and compelled suspen 
siun of work until more powerful macnin 
ery could be erected. 



Cement as a Lining for Mine Gangways. — A novelty in the way 
of protecting headings and as a partial substitute for timbering, has 
been introduced on a large scale in some parts of Austria. Herr W. 
Stieber has given an account of it before a local society. Even in 
good rock, gangways and headings will require timbering after awhile, 
the variations of temperature and the water acting in addition to other 
deteriorating causes ; and prices of timber and cement being favora- 
ble, 13,000 lineal feet of heading have thus been coated in the Wiczek 
mines, over 3,300 feet having been put in four years ago. The best way 
is, of course, to use the cement in the shat>e of masonry. Herr Slieber 
bar, however, simply coated bis gangn a} s with a layer of cement ranging 
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in thickness from 0.3 to 0.4 inch. The strata of the rock must not be 
so weak as to break down within a week, as the drying of the cement 
ofien requires from three to four days. The lliickness varies according 
to the nature of local circumstances. The surface of the heading is 
made as even as possible, wet with water, and then the cement is put 
on with a trowel, all fissures and cracks being filled up carefully. When 
partially dried, new layers are put on until tlie right thickness has been 
obtained. The surface is smoothed and is sprinkled with water from 
time to time during the next few days, in order to prevent cracking by 
too rapid drying. Both at the Wiczek mines and at the Johann- 
Marie, at Polnisch-Ostran, this cement lining proved cheaper than 
timbering. The editor of the OesferreUhiiche Zeiischrift slates that 
in a limited way this method had been employed in Prussia as 
early as 1871, and we may add that it is carried out on a large scale 
by Gen. William Sooy Smith and son in lining the Hudson River 
tunnel. — Engineering and Mining Journal, 

The method has been used since 1871 at the Piesberg Mine, West- 
phalia. The shales over the coal, under the influence of water and 
air, shelled off badly and gave much trouble and expense in keeping 
the gangways clear. By the application of a thin coating of cement, 
requiring -^ ton cement per lineal yard of gangway and involving 
a total cost of about 50 cents per square yard, the trouble was obvi- 
ated, saving $30 to $40 per year in the exjiense of keeping the roads 
in order. 

Brickwork Dam in the Dorchester Sewage Tunnel. — A paper on 
" Brickwork under Water-pressure " was read by Mr. D. McN. Stauf- 
fer before the Engineers' Club of Philadelphia, April 1st, 1882. 
During the construction of the tunnel under Dorchester Hay in Boston, 
it became necessary to construct a brick bulkhead that had to with- 
stand the pressure due u water column i6z ft. high, and as it was 
intended to shut off a leak amounting to 240,000 gallons per 34 hours, 
it had to be water-tight. The tunnel section at the point selected for 
the bulkhead was practically 10 ft. square. The bulkhead was built 
directly across the tunnel, 50 ft. in front of the heading where the 
water was struck. Plank dams filled with puddle clay were first 
thrown across the tunnel, each side of the bulkhead site, and a 6-in. 
wrought-iron pipe used to carry off the water during construction — the 
pipe being built into the brickwork. An arched form was adopted, 
4 ft. thick at the crown and 2 ft. rise in a span of 10 ft. Hard, burned 
bricks were used, laid in mortar made of one part English Portland, one 
part Newark Rosendale, and two parts clean, sharp sand — a com- 
pound found equally as strong as English Portland, and sand one to one, 
and having the advantage of working smoother on the trowel, and 
adhering better to brickwork in wet places. Skewbacks for the arch 
were roughly picked out in the rock at the sides. After the cement 
had set, the water was shut off by screwing a cap on to the outer end 
of the 6-in. pipe. The pressure against the wall was fi-^^ lbs, per 
square inch, or about 519 tons distributed over the face of the bulk- 
head. The wall was tight for about 48 hours ; then the water came 
through the brick itself, rather than through the joints, in amount equal 
to one half the original volume. 

The water was let off and a second experiment tried. The main 
wall was torn down sufficiently to allow men to pass behind it, and a 
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second wall only 12 in. thick was built back of the first, and 2 ft. 
distant. The space between these walls was well rammed with 
puddle clay, extending to the rock on all sides. The second wall was 
made purposely light, as its yielding to the pressure would only more 
effectually consolidate the clay between it and the unyielding wall in 
front. The bond used in the main wall was one so laid that there 
were no continuous horizontal joints through the wall. The result of 
the last constniction was to completely shut off the water from this 
leak, at a great saving of fuel and pumps. The Dorchester Bay tunnel 
is 7,000 ft. iong, with its average invert grade 143 ft., below low-tide 
mark in the bay under which it passes. The tunnel is driven through 
a formation of clay, slates and conglomerates for its entire length ; 
rock, very seamy, and much water encountered. 

Topographical Afodels.—A'pApet hy Mt. O. B. Harden, of the Penn- 
sylvania Geological Survey, was read at the last meeting of the En- 
gineers' Club of Philadelphia, in which the method pursued by the 
survey was explained, and the text illustrated by photographs and 
models. The requisite for a good model is a good contour map of 
the ground to be illustrated, with contours 10, so or 100 feet vertically 
apart. The luml>er used by cigar-box makers is best suited for mod- 
elling — of a thickness required by the vertical scale. On a scale 
1,600 feet to an inch the boards will be ^ of an inch thick and rep- 
resent loo feet in height. The contour Ime marked upon the base 
£ind the one next above it are traced upon boards cut the exact size 
of the base, and the lowest or outer one of the two is sawed through 
by a jig-saw, the upper or inner one serving to mark the place for the 
next succeeding board. These are nailed on with sprigs— glue being 
used where, from the sharpness of a piece, a nail would split the wood. 
The wooden model is then waxed, which is so made as to be quite 
plastic by the warmth of the hand, the wax ' being worked down until 
the eilges of the boards are just seen, and until the model presents a 
smooth appearance and facsimile of the topography. The surface is 
nibbed with linseed-oil and is then ready for casting in plaster of Paris. 
Care should be taken to get the oil in on the low places, as on this de- 
pends the facility with which (he negative can be removed after the 
setting of the plaster. A cast is then made with plaster of Paris, filled 
in around a frame to the requisite thickness, and, after being allowed 
to dry for about an hour, it is removed from the original, smoothed up 
with a tile or knife edge, and coated with shellac varnish. From this 
cast a positive is made — pursuing the same method as before — and is 
dried and scraped. The sides are smoothed up for the sections, and 
after being varnished the model is ready for the coloring — represent- 
ing the different geological formations. Streams and geographical 
features being added, the model is complete. 

Transportation of Coal on the Ohio and Mississippi Rivers. — In a 
recent number of Harper's Monthly^ is an article, illustrated by nu- 
merous engravings, desctibing the transportation of coal in flat-boats 
down the Ohio and Mississippi. Over 3^ million tons of coal were 
shipped from Pittsburg during 1880, the bulk of which went to Cin- 
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cinnati, Louisville, Memphis, Vicksbiirg and New Orleans. For long 
distances, flat-boats of two kinds are commonly used. The first, called 
"boats" simply, are of slight construction, built of i^-in. plank, 180 
ft. long, 26 ft. wide and 9 ft. deep, holding 840 tons, aod costing $700 
each. A more substantial form, the so-called "barge." are of some- 
what smaller dimensions, 160 to 180 ft. long, 24 fi. wide and 7J-. fL 
deep, drawing 6^ ft. water, holding 530 ions, and costing $1,100 each. 
A large number of boats are lashed together in a single tow, like 
an immense raft, and pushed down tlie river by powerful steamboats, 
2,000 H. P., often as much as 20,000 tons in a single "tow," or 
enough to load five ocean steamers. A speed of about nine miles per 
hour is attained, and the cost of transportation from Pittsburg to 
New Orleans, 2,000 miles, averages $1.30 per ton, or yj^ cents per 
ton per mile. 

Splicing Wire Rope. — The increasing nse of endless wire rope for 
underground haulage, elevated wire ropeways, and for hoisting, gives 
imiwrtance to methods of splicing. The following is taken from Hal- 
lidie's pamphlet on " Wire Ropeways" : 

About eighty-four feet of rope is required to put in a good 
smooth long slice. The wire ropes employed in these rojieways are 
made six strands of seven wires each, and a core or heart; as there 
are two rope ends to splice together, there will consequently be twelve 
strands to be tucked in. Operators usually tie the stops that mark 
the length of rope, about where the centre of the splice will be. In 
this case the usual way is to 
imiay each rope up to that 
point, and place the strands of 
rope A between the strands of 
roi>e B, the core or hearts of 
the ropes A and B being cut 
otf so that the cores of the 
ropes abut against each other. 
There will be then forty-two ^%^ XJS. "V N. N. b 
feet of strands eacli side of the ^^^^"^^^'S^^^^r" 
stop, as is shown in Fig. 1 . ^j, ^1» -« ^^ ^ij- ^' 

It is important that each "^ 

strand should be in its proper mf ^^^^'^^ 

place, so that none of them ^^^^^'^^St 

cross other strands, or that two 

strands be not where one strand should be (by placing your fingers be- 
tween each other in natural position, this will be understood). Then 
strand No. t of rope A is unlaid, and strand No. t of rope B follows 
close, and is laid snugly and tightly without kink or bend in its place, 
until within seven feet of the end ; a temporary seizing is then put on 
securing ropes and strands at this point. Strand No. i of rope A is 
then cut oft", leaving it seven feet long. Then strand No. 2 of rope A 
is unlaid, and strand a of rope B is laid in its place to within twenty-one 
feel of its end. Strand No. 3 of rope A is unlaid, and .strand No. 3 of 
rope B is laid in its place, within thirty-five feet of end. By this time 
you have reached within seven feet of the centre, and reversing the 
oi>eration, unlay strand No. 4 of rope B, and lay in its place strand No. 
4 of rope A, to within seven feet of its end ; unlay No. 5 of rope B, 
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and lay in No. 5 of rope A, to within twenty-one feet of its end ; 
finally, unlay No. 6 of rope B, and lay in its place No. 6 of rope A, to 
within thirtyfive feet of its end. The strands are now all laid in their 
places and seized down for the lime being, the ends are cut off, as 
with iJie first strand, to seven feet in length, and present the appear- 
ance as in Fig. z. 

The next operation is to tuck in the ends, and we will proceed to 
tuck in B t. It will be remembered that the ropes are made of six 
strands, laid around a core or heart, usually of hemp, of the same size. 
Two clamps fFlg. 3} made for this purpose are fastened on the rot>e 
so as to enable the operator to untwist the rope sufficiently to open 
the strands and permit the core to be taken out (see diagram), which 
is cut away, leaving a space in the centre of the rope ; the strand B i 
is placed across A i, and put in the centre of the rope in place of the 
extracted core, fomiing in fact a new core. A flat-nosed T.shaped 
needle used in splicing, the point of which is about one-half inch wide 
by three-sixteenths of an inch thick, rounded off to an edge, is well 
adapted to this purpose. The strand B i is laid in its entire length, 
the core being cut off exactly at the extremity of strand B i, so that 
when the rope is enclosed around the inserted strand, the ends of the 
strand and core should abut. If there is much space left in the centre 
of the rope without a core, the rope is liable to lose its proper form 
and some of the strands fall in, exposing the projecting strands to un> 
due wear. The same o|>eration is performed with A i, running the 
other way of the tope, and so on, until all the strands are tucked in, 
which, if properly done, will leave tlie rope as true and round and as 
strong as any other part. 

Other operators prefer to start from the end of one rope and con- 
sequent end of splice. The operation is about the same, but the ex- 
perience of the writer justifies him in saying that more care has to be 
used in bringing all the strands to an even tension in the parts spliced 
Other variations in detail are made according to the fancy or practice 
of the splicer, but after making a few successful splices in manner 
above described, the operator can afterward vary to suit himself. 

Nobels Blasling-Gelaline and Gelatine-Dynamite have proved very 
efficient in the St. (^othard Tunnel, The principal fact established 
during the use of these explosives is that the relation between the 
blasting-gelatine and Nobel's common dynamite is about 3 to 5. 

Gelatine-dynamite has more of a pushing than a breaking effect, 
and hence advantageously applicable to quarries, and, on the whole, 
its effect and economic value is about the same as that of common dy- 
namite. With the stronger of the new explosives, blasting-gelatine, 
where boring is expensive, the same work may be accomplished with 
the boring of 3 holes, as with 5 holes charged with common dynamite. 
The gases from both gelatine- dynamite and blasting-gelatine did not 
inconvenience the workmen, even immediately after the blast. 

Ore- Dressing. 

Crushing. — Stamps with cylindrical heads have been introduced 
at Meinerzhagene-Bleiberg, near Mechernich, in the Bonn mining dis- 
trict, and have proved satisfactory. Two stamp-mills, of 115 and 160 
heads respectively, are in operation. Chilled steel is found best fiw 
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staiup-heads and for the shells of crushing rolls. At the Clausthal 
dressing-works, steel has rei)laced cast-iron for crusher plates and 
mortar bottoms. 

Spiral Sieve. — At the Beilstein iron mine, Dillenburg district, the 
experiments with this form of sieve have proved satisfactory, one of 
these having replaced three separating drums with great economy of 
power, space, and water. Repairs more rapid and cheaper than with 
drums heretofore used. 

Feeding Apparatus for Round Tables, Meinerzhagene-Bleiberg. — 
In the mill and stamp-house z. feeding apparatus is used, consisting of 
a four-cornered box, with a sieve 5-10 cm. above bucket-shaped bot- 
tom, fine enough to keep dry sand from passing through. Below this 
is a tube with rose-jet, by which water is forced into the sand from 
below. Water regulated by stop-cock, and thus the flow of sand. A 
second lube below adds to the slime the water necessary for the washing. 

Saving of Mineral in Waste Slimes. — At the same iron mine, the 

shmes are lifted 13.5 m. above the floor of dressing- works by means 
of sand-pumps, by which the sands are spread in a broad stream on 
the dump. Waters allowed to clear in settling-pits. In the pipes an 
apparatus is placed which separates the quartz containing grains of 
mineral. The pipes have a rise of 6° and a clear >width 40 cm. on 80 
gas-i)ipes with stop-cocks below, 1-3 m. long and 12 mm. clear diam- 
eter, by which the rich sands are drawn off as they accumulate. The 
lengths of the pipes correspond to different pressures, so that by fric- 
tion in them the semifluid mass may drip slowly out of the tubes. Out 
of 2,000 tons of sand which go through main pipes per twenty-four 
hours, a concentrate is obtained enriched to 6 and 12 per cent, which 
after further dressing produces a 30, 40, or even 50 per cent, ore. 

At the Clausthal works the settling-pit system has been enlarged 
by the addition of larger pits in which fine slimes are caught, hereto- 
fore lost. An experiment on a large scale showed that i cm. of 
shme produced 22-33 kilos schlich having value of tr,io with an ex- 
pense of 12 cents for washing. By this means a saving of t9r8 would 
be obtained from 900 cm. of settled slime per year. 

An enlargenient of slinie-pits would generally therefore seem to 
be desirable, and especially as tables can generally wash this material 
without enlargement of plant. 

Magnetic Dressing at the lead and silver Friedrichssegen Mine, 
Oberlahn stein. — Blende mixed with carbonate iron gangue has for 
some time been separated by magnetic dressing — ore calcined, carbo- 
nate converted with magnetic oxide, and separated by magnets. 
Roasted in furnace. Time for schlich, one hour; and for pea sizes, 
one and one-half hours. Temperature of roasting, 600° C. 

Civil Engineering. 

Expansion of Iron Tie-Rods in Britkwork. — At a meeting of the 
Engineers' Club of Philadelphia, March 4, 1882, the Secretary pre- 
sented, on behalf of Mr. Thomas U. Walter, honorary member, a 
description of his experiments in 1836-37, upon the effect of extreme 
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temperatures upon iron bands imbedded in the walls of Girard Col- 
lege, Philadelphia, of which he was the architect. These bands, each 
54 ft. long, were introduced to resist the lateral pressure of the arches. 
Although confident that no evil could result therefrom, Mr. Walter 
considered the positive evidence of these experiinents both satisfac- 
tory and interesting. The south vestibule wall, 5' 5" thick, subjected 
to the full power of the sun during summer and in winter under tem- 
porary roof, with no fires in furnaces, was selected for experiment. 
Self-registering thermometers, minimum for winter and maximum for 
summer expenment, were placed upon the band and the whole walled 
in as finished work. The following changes, in Fahrenheit degrees, 
took place : 

Sept. a3. 1836. \ f.,, ( Intermediale eitremc cold, —3°. 
July 29, 1837. J" ■ j Minimum lempetalnre in middle of wall, 42°. 
Jan. 16, 1S37. ) t, ( InCermedinle extieme heat, ^°. 
Dec. 16, 1837. f " ■ ( Maiiinum lemperalure in middle of wall, 61°. 
Difference of temperature outside of wall, 97°. DjRerencc of tempecatnre in 
middle of wall, 19°. 

Smcaton's co-efficient of expansion for malleable iron, ^^ of 
length for 180°, being somewhat greater than that of other experi- 
menters, was used. ITie co-efficient for brickwork, , J]g of length for 
180°, was taken from experiments by A. J. Adie, C.E. (Royal So- 
ciety of Edinburgh, April 20, 1835)- The difference occasioned by a 
change of 19° in temperature in a length of 54' is, therefore, less than 
^", but if we consider that the exterior of the wall is subjected to the 
extremes of heat and cold, it will be obvious that the aggregate change 
of the brickwork is even greater than that of the iron. 

Grouting wilh Hydrostatic Pressure. — In Engineering, February 
24, 1882, the following novel method of using a grout of hydraulic 
cement for checking leakage in a graving dock at Greenock is de- 
scribed : The dock was built in 1785, is 223 ft. in length, 50 ft. in 
breadth, and has an entrance 34 ft. wide, with 10 ft. of water on 
the sill at high tides. It was in a very leaky condition, and it seemed 
necessary either to reconstmct it or to remove it entirely. Instead, 
however, of doing either, holes 3 in. in diameter, and from i to 2 
ft. apart, were bored through the masonry behind the heel-posts down 
into the sand for several feet below the foundations. Similar bore- 
holes were also put down in the outer and inner aprons, a few feet 
from the pointing-sill. Stand-pipes with hoppers were then erected in 
these holes, and a thick grout of neat Portland cement poured down. 
The pressure due to the weight of the ceinent was sufficient to force it 
into all the fissures and cracks, forming a water-tight slieeting of Port- 
land cement. The level of the water in the stand-pipes was 6 ft, 
below its level without. Five tons of cement were used, and the 
leakage has been reduced to ^j of what it foniierly was. 

In E'igineeritig, March 3, 1882, two similar operations are de- 
scribed. In 1879 ^ large sea-sluice was erected at the outfall of the 
River Glen. The foundations were in quicksand, and the floors and 
aprons were made of sJ-in. planks, secured to the timbers by spikes and 
treenails. Under the timbers there was 3 ft. of concrete. After the 
planks were laid it was found that the shocks due to the driving of the 
spikes had prevented contact between the planks and the concrete. 
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This allowed water to leak into the sluice. Holes were boreil into the 
planking, and stand-pipes 8 ft. high were set up and Portland -cement 
grout poured in. A small force-pump was also employed- The 
grout diffused under the planks, and the floors were made absolutely 
water-tight. 

In another sea-sluice, at the River Nene, the foundations were 
in quick-silt. The sill was 6 ft. below low water, and the lidal rise was 
ao ft. against the earth dam. At high tide the sluice leaked badly. 
To remedy this the old planking of the aprons was taken up and 3 ft. 
of concrete got in up to within about \ in. of the horizontal timbers. 
The concrete set well, but water constantly percolated through it. 
The 3j-in. planks were laid within J inch of the concrete. Portland- 
cement grout was then forced under the planks for thirty days. One 
leak after another choked up, until finally the floors were absolutely 
water-tight. 

Under the direction of Mr. I.. B. Emerson the same plan was tried 
with great success at the Copper Falls Mine, Lake Superior, for re- 
pairing the foundations of one of the huge steam- stamps. Holes were 
bored through the foundation and connected by z-in. gas-pipe with a 
box on one of the upper floors of the mill. After the cement had 
been mixed to the desired consistency the plug was taken out, and the 
contents of the box speedily found their way through the pipe and 
into the foundations. By repeating this process at several points the 
foundation was made perfectly solid, showing not the slightest move- 
ment under the heavy blows of the stamp, while before this treatment 
a very decided jar could Lie seen with every stroke. G. A. S. 

Flow of Water in Pipes. — An interesting study on this subject has 
been recently published by Albert Frank, of Miinchen, in the Civil 
Engineer, 1881, pp. 161-223, He first gives a brief historical account 
of the subject from Couplet (1732) to Zampe (1873), ^^^ the late ex- 
periments of O. Iben, who maintained Darcy's formulas for lost head 

0,001014 + °-°°°°'^ -^\V 



p = ^0,0 



for clear flow. The author projwses the following equation, as being 
mo7e in accordance with his experiments: 

„ _ / , o.ooo3847\v'l 

It is only when the diameter exceeds 0,5 m. that the formula fails ; for 
such the formula becomes 

/ 0.00008 \vM 
p = (o.ooo9i2-f — g Y^ 

For pipes without any appreciable elimination of cross-section the 
author deducts the following from Darcy's experiments ; 
_ / o.ooo652\v'l 

P- (0.00049s + yd j-j- 

d being the actual internal diameter. 

Experiments on the Strength of Brickwork have been conducted 
by Professor Bohme at the Royal Testing Institute at Berlin, We 
have room but for the following important result : The compressive 
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strenglli of amsonry afler three months is less than that of the indi- 
vidual bricks, and on the average as in the following table. Masonry 
with mortar as follows ; 

I part of lime ;uid 3 parts of sand 44 pc cenl. of sirength of bride 

7 parti of lime, i put uf ccmcDt, and 6 

parts of sand 48 " " " 

t part of cement to 6 parti of sand. .. . 55 " " " 

I " " "3 " " .... 63 " " " 

The working with a factor of safety of 10 would be 9 kilogrammes for 
common brick masonry in lime mortar ; 14 kilogrammes for the same 
in cement mortar, and 30 kilogrammes for the best brick in cement 
mortar. 

Blast Eurnace Slag mixed with Limestone in the proportion of 
about 4 to 7 has been found to produce a very high grade mortar. 
Experiments show that after three days this mortar was harder than 
Portland cement, in seven days it was as hard as the cement after 
three months, and in 28 days it was harder tlian the cement after 
seven years, 

Tke Remoiml of Snow in St. Petersburg.— T:\it snow is thrown 
into pits, which are located at convenient points of the city. It is 
melted in these by steam, and runs oflf into the river by suitable 
channels. 

The Phosphorescent Paint recently introduced in this country has 
been applied to buoys in England with considerable success, these 
being discernible at several hundred metres distance. It has also 
been applied on the Southeastern R.R. for coating the inside of rail- 
way cars. The light given was brilliant but mild blue in color, and 
was sufficiently strong to enable the reading of a watch. The prin- 
cipal objection is the high cost. 

A Lighthouse on the coast of France, near Brest, has been built 
under conditions of exceptional difficulty on a rock level with the sea. 
Owing to the surf and current it was only possible to land seven times 
and work eight hours during a whole year. During the second year 
eighteen hours' work were put in, and it was only in the third 
year that a sufficient number of holes had been bored in the rock to 
permit the anchorage of 75 cm. of luasonry. The diameter of the 
tower at the base is 7.2 m,, and it will be 30 m. high. The masonry 
is tied by iron bars sunk in the rock i m. apart. 

Cost 0/ Work with Various Motors. — Cost of one H.P per hour, as 
follows, from experiments lately made at Carlsruhe ; 

■00 h. p. steiUD'cngioe 1.90 

2 " " 1107 

2 " Lehman calork-endne 6.63 

3 " Hock motor * a,oo 

3 " Otto c>s-engiae 6.53 

3 " Otto-Langen gaj-engine 6.53 

3 *' Schmidt water-engine (fed by city water supply). 33-75 

Hen 50.00 

K.N. 
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Analytical and Applied Chemistry. 

The Roughness on Platinum produced by a gas flame was found 
by A, Retnout {Bull. Soe. Chtm. [a], xxxv., p. 486) in one case to 
contain nearly half its weight of platinum — o.nas grm. gave o.oi grm. 
The investigator considers that this is caused by certain of the gas- 
eous constituents of the flame. 

Preservation of Filtering Cloths. — According to Schraube, this is 
effected by dyeing with indigo, and a patent has been taken out with 
that purpose (German Patent, No. 14,843, 1881). 

To Separate Silver from Lead. — Donath recommends to add to 
the solution 4 c.c. of pure glycerine, then an excess of ammonia, and 
10 to 15 c.c. of concentrated sodic or potassic hydrate solution, and 
boil for three to five minutes. Cool and tiUer and wash the silver thus 
completely separated, first with hot water, then with acetic acid, and 
again with water. Tlie lead may be separated from the filtrate by 
H,S. The process is also applicable when copper and bismuth are 
l)resent. — Monatschrifte f&r Chemie, 1880, p. 789. 

For the Electrolytic Estimation of Zinc, Reinhardt and Ihle rec- 
ommend the use of a solution prepared by adding to the neutral 
zinc chloride or sulphate, sufficient potassium oxalate to dissolve the 
precipitate which first forms. Free sulphuric acid and ammonium 
acetate interfere with the deposition. It is recommended that the * 
n^aiive electrode (of platinum) .should be covered with a film of QO\i- 
^T.—Jour.Pr, Chem. [2], xxiv., p. 193. 

Nitric Acid in nitrates of soda, potash, etc., can be estimated by 
dissolving about 0.5 grammes of the substance in 80 c.c. water, add- 
ing 10 c.c. sulphuric acid (i to 3 by volume) and a strip of zinc, and 
allowing the solution to stand over night. A test with a few drops of 
solution of permanganate will then show whether any nitrous acid 
remains. If it does, a little more acid must be added, and the action 
continued until the reduction to ammonia is complete. The solution 
may tnen be rendered alkaline with caustic soda or potash, and the 
ammonia distilled into a U-tube containing 10 cc. half normal sul- 
jthuric acid, which may be titrated by half-normal alkali solution. — J. 
West Knights in Analyst, vi,, p. 217, 

To Generate Sulphuretted Hydrogen by the use of members of the 
paraffin series, Lidow recommends fusing the sulphur in a flask, and 
then allowing the oil to fall upon it drop by drop, about three to five 
drops per minute. A satisfactory method of managing this process, 
otherwise so troublesome, and in inexperienced hands even dangerous, 
is said to he thus secured.— ycarwa/ of Russian Chemical Society, 1881 
[ij. P- 5»4- 

Destruction of Microscopic Organisms in potable water can be af- 
fected, according to Langfeldt, by the addition of 0.5 gramme of 
citric acid per litre. — Chem. Centr., i88t, p. 78. 
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To Test Flours Microseopically, it is proposed by Steenbuch {Ber. 
Deuts. Chem. Gesdl., 1881, p. 449), to boil up a sample of the flour 
with water, then 10 cool and add extract of malt, which will convert 
the starch into dextrin and maltose, and, after the lapse of a few 
minutes, to decant, treat with a one per cent, solution of soda to re- 
move the larger |)roportiou of the albuminoid bodies, and then to ex- 
amine the sediment under the microscope. Many foreign substances 
and adulterants are thus concentrated, and left in a form suitable for 
identification. 

Spontaneous Combustion by NUrk Add. — Experijnents made by 
Professor Haas, of Carlsruhe, show that hay, tow, paper-scraps, and 
similar materials often used for packing, when saturated with nitric 
acid, and packed tightly, will si>ontaneously take fire. In some cases 
where strong acid was used, flames appeared in about twenty minutes, 
in some other experiments even a shorter time sufficed to produce 
flauie, or a glow which was easily fanned to flame. — Analyst, vi., p. 231. 

Magnesia may be economically prepared according to a process 

recently proposed in the Chemical Neivs (xliv., p. 76), by treating mag- 
nesium chloride solution with calcined dolomite. The interchange of 
position between the calcium and magnesium affords, it is said, a very 
pure article. 

Tanning. — A very efficient extract, more concentrated than it is 
otherwise possible to obtain, may be jsrepared, according to Sadlow, 
by extracting with water containing 0.5 per cent of borax. — Dingl. 
Folyt.Journ., ccxl., p. 2aS. E. W. 

Electricity Applied to Analysis. — Dr. A. Classen, of Aix-la- 
Chapelle, has just published a pamphlet on this subject (" Quanti- 
tative Analyse aut Elcctrolytischem Wege," 8vo, jz pp., Aachen, 
1882). The work is arranged so as to show the methods of procedure 
in examining various alloys, as coins, bronze, brass, etc., as well as of 
iron ores, and other compounds of that character. From the work we 
abstract the following : 

Lead is deposited from solutions containing nitric acid in the fonii 
of PbO, on tlie jmsitive pole. If much of the metal is present, the 
oxide will not adhere, and the method is therefore only applicable 
when small quantities are present. From the solution of the double 
oxalate (lead and ammonium or potassium) the metal may be de- 
posited, but ill such a form that it is impossible to prevent oxidation 
and consequent error. Where much lead is present, the ordinary 
method of precipitation as sulphate is therefore recommended. 

Silver can be deposited from the ammoniacal KCy solution. A 
weak current must be used to obtain an adherent deposit. 

Mercury can be deposited from a solution weakly acid with HCl. 
The deposit must be washed without interrupting the current, and the 
water completely removed by repeated wasliing with alcohol and ether. 

Tin may be separated from a solution acid with HCl, but the add 
must be entirely washed off before the current is broken, or the metal 
will redissolve. It may also be deposited from ihe double oxalate 
(with ammonium). The corresponding iwtassi urn -salt cannot be 
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used, since it afibrds a. basic salt at the positive pole which dissolves 
with great difficulty. 

Antimony may be deposited from the solution of its chloride to 
which an excess of potassium oxalate has been added. The addition 
of an alkalitie tartrate gives a deposit adhering more firmly to the 
plalintmi dish, but the deposition is much slower. The metal may 
also be deposited from a solution of sulphantimoniate by a tolerably 
weak current ; arsenic, if present, must first be removed. 

Copper is deposited from acid solution of the sulphate which may 
contain some nitric acid. When the latter acid is present, if zinc also 
exists in the solution, that metal will be deposited as soon as all the 
copper is down. Copper may also be deposited from a solution of 
the double oxalate (potassium or ammonium), to which 3 or 4 gms. 
crystallized ammonium oxalate has been added. A strong current 
is required in this case. 

Bismuth may be separated from the solution of sulphate or chlo- 
ride, to which an excess of ammonium oxalate lias been added, A 
large surface for the deposition of the metal is necessary, and its ten- 
dency to oxidize is so great that it requires the most careful washing 
with alcohol and ether to remove all the water. 

Cadmium may be deposited from a neutral solution to which an 
excess of ammonium oxalate has been added. 

Iron may be separated from its solution in HCI or H^SO, by re- 
moving or neutralizing the most of the free acid, adding suflicient 
potassium or ammonium oxalate to form the double oxalate, and tlien 
3 or 4 guis. of ammonium oxalate, and electrolyzing hot. Either 
ferrous or ferric solutions may be used. The former gives a red solu- 
tion, the latter a green. By the action of the battery, the green solu- 
tion passes through red to colorless, which indicates that all the iion 
is dejiosLted. One or two ilunsen cells will deposit several grammes 
of iron in one or two hours. Manganese, if present, will not begin to 
separate (as MnO,) at the positive pole until all the iron is deposited. 

Manganese may be deposited from solution of the double oxalate 
as MnO, on the positive pole by a strong current. As the deposit is 
somewhat pulverulent there is often danger of mechanical loss, and it 
is recommended in many of the separations not to attempt to precipi- 
tate all the manganese by the battery, but to take the solution from 
which some other metal has been deposited (I'e, Zn, etc.), and to sei>- 
arate the Mn from that by some other analytical method, adding to 
it of course what MnO has been deposited on the positive pole of the 
battery. Aluminum phosphate interferes decidedly with the correct 
estimation of manganese by the battery. 

Alumina separates from an oxalate solution, apparently in conse- 
quence of a decomposition of the oxalate which holds it in solution. 

The electrolysis of ammonium oxalate solution produces ammo- 
nium bicarbonate, and su long as the ammonium oxalate remains in 
excess, no alumina precipitates. A very large excess of anunoniura 
oxalate is therefore requited to prevent the alumina from separating 
in electrolyting alkaline or neutral solutions. 

Chromium is oxidized in oxalate solution by the action of the bat- 
tery to chromale, in which form it may be separated from many of the 
elements or compounds with which it occurs. The presence of ni- 
trates must be avoided. 
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Nickel and Cobalt may be se])arated by the battery from a 
acal solution of the double sitl^liate or from the neutral or alkaline 
solution of the double oxalate (ammonium or potassium) containing 
considerable excess of aininonium oxalate. In the latter case the solu- 
tion should be kept hot. 

Zinc is separated by essentially the same method. The solution 
of sulphate is neutralized by KHO, enough ammonium oxalate added 
to form the <1oiibte oxalate, and then 3 to 4 gins, more solid ammo- 
nium oxalate, and clectrolyze hot, 

The reaction taking place in the solution of double oxalates is de- 
scribed in such a way as to lead us to infer that it may be thus repre- 
sented — e.g., in the case of zinc : 

ZnC,0,.(NH,),C,0.-t-aH,0=Zn-t-3NH,HC0, + iC0,-|-H^ 

We are glad to see that to Professor Gibbs is justly accredited the 
Urst application of electrical separations to analysis. The battery is 
undoubtedly destined to play a more important part in quantitative 
analysis than it has yet done, and any information such as the pam- 
phlet before us is most welcome. E. W. 

Metallurcv. 

Scaffolds and Engorgtments in Blast Furnaces. — A nnmber of 
interesting papers on this subject have been read during the last year 
before the Institute of Mining Engineers. Mr, Witherow, of Pitts- 
burg, Pa., sums up the different methods used, which summary we 
condense as follows, adding details from the other papers. 

Eirst method. — Breaking into furnace lining 15 to 18 ft. above 
tuyeres, insetting a dry tuyere or gaspipe, and injecting all the air 
possible into the furnace. If the tuyere thus inserted is below the 
scaffold, the blast will soon cut or melt its way through it ; if above the 
obstruction, the rapid smelting and liquefaction will soon work its way 
downward. In both cases the result is to detach the agglomerated 
mass from the brick masonry, and under the weight of the charge 
above the scaffold generally gives way. 

Second method. — Blowing down. Charging is suspended and ihe 
material in lurnace allowed to sink until the surface of the charge has 
reached the lower section of the zone of fusion. All material adhering 
to wails is undermined and cut away by the intense heat developed. 

Third method. — Use of high explosives, giant powder, etc., in the 
hearth, as practised by Mr. T. F. Witherbee, at the Crown Point 
Furnace, The explosive is enclosed in wooden cases, made by boring 
a hole in a pine plug of wood and shaving down the outside till one- 
quarter to one-eighth inch thick. For a larger charge of twelve pounds 
a box of one-half inch pine was used. Generally the fuses were fired 
before the cartridges were put in the holes, and a shovelful of sand 
thrown against the hole formed the tamping. In one case regular 
mining work had to be undertaken, a narrow opening being driven 
through the red-hot pasty mass ; no less than twenty-six shots of one- 
quarter to one-half pound of giant powder being required. In this 
case the last shot broke through and tapped out molten iron, 

Mr. Wilherbee describes the firing of the big shot as follows : 

The salaiiiaader was found to rest on a bed of anthracite coal 
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about even with the bottom of the cinder-arch. One of the helpers 
was set to digging a liole just inider the salamander, which he suc- 
ceeded in doing without much difficulty by working out the lumps of 
coal clear to the centre of the crucible and dipping down about 34 
inches below the tuyeres. Into this a charge of 12 pounds, equal to 
22 cartridges, of "giant " and " Monaky " powder, went at 2 p.m. 

This cartridge was made by removing (he paper from the common 
cartridge and ranmiing tlie loose powder into a box 5x6x37 inches, 
made of J-inch pine, to which was fastened an iron handle. Two 
exploders were put in it, with two lines of fuse, the outer ends being 
wound close together and cut off square, so that both could be hred 
simultaneously. The hole was very hot and contained a few quarts 
of melted iron at the bottom. Coohng off with water would not do, 
as the ' ' Monaky " powder would explode in boiling water, so a trial 
was made with wet clay, with which the hole was filled, and then a 
hard-wuod scantling 6x8 inches was driven in and removed to make 
room for the box. The clay could not be made to stick on to tlie 
top of the hole, and would not entirely cover the iron in the bottom, 
and as matters were getting worse all the time it was decided to make 
the attempt. By means of the handle the box was thrust to the 
bottom of the hole and the fuses fired by a hot iron, while an assistant, 
Mr. Duffy, with a hoe, packed sand in the mouth of the hole. Prob- 
ably less than ten seconds was used in loading, tamping, firing, and 
fleeing from the wrath to come. 

Some had predicted, as the result, damage ranging from total 
destruction of the stack down to a mere fizzle. So, for want of 
better occupation, the upper part of the stack was watched with con- 
siderable interest. The explosion was not very loud, and no move- 
ment of the stack visible to the eye took place, although the ground 
shook considerably, seemingly before the noise was heard. The 
wind was on the furnace at the time, but probably little or none going 
in, and upon getting back to the stack it was plain that things had 
changed. Gas was coming out around every tuyere and through all 
the joints of the casing, from die tuyere breasts down, and for one- 
. half the way around the stack mushy cinder, lime, and an occasional 
rounded lump of small coal laid from one to two feet thick, the 
total quantity being about fifty cartloads. The stock had gone down 
an unknown distance, and the salamander about as far up, and good 
coal appeared in front of No, 6 and No, 2 tuyeres for the first time in 
forty-eight hours. The damage was confined to the breaking off of 
two j-inch water-piijes and of one lug of No, 6 tnyere pipe. The 
furnace was again filled, and has worked very smoothly up to the 
present time. 

As the result of ,his experience in the use of this method, Mr. 
Witherber recommends as the best treatment in all similar cases 
where the crucible becomes solidly filled with a giunmy mass, en- 
tirely shutting out the blast : 

I, To try the effect of a heavy explosion near enough to the centre 
of the furnace to make it possible to break a hole up through, or at 
Icafi to disrupt the mass enough to permit the blast to pass through, 
which will soon melt it ouL The reason I reconmiend this plan first 
is that its success depends aiuiost wholly upon getting a hole properly 
located, and of course the sooner (his is begun the more chances for 
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accomplishing it. To be sure, raising the tuyeres will, once in awhile, 
do as well, but that is often difficult, and sometimes impossible, owing 
to the construction of the furnace. 

z. Should the first fail, or should it be impossible to get a hole in 
the proper location early enough, then there remains the slower, 
though probably surer, method of excavating upward by blasting 
through to good fuel. This opinion is based upon the fact that such 
obstructions are seldom of any great thickness. In loading holes 
overhead it is found sufficient to simply prop the cartridge box in the 
hole, usually by a ^-inch iron rod serving as the handle, and dispense 
entirely with tampmg. ismall drills, say t^-inch, work the best, and 
in case a large hole is required it is best to drill two or three dose 
together and break out the core by firing light charges in one. 

As to the danger to life or property, it may be dismissed as of no 
account, providing that the precautions indicated are always taken, 
and the loading done by a reasonably cool-headed person. 

Fourth method. — Removal of tuyeres, opening of front, and 
shovelling out of materials so as to allow the scaffold to fall. This 
plan generally succeeds when a furnace bridges during the blowing 
in, but when a scaffold has fairly estabhshed itself, and especially when 
the stock has become agglomerated, the work becomes difficult. 
Stich a case happened at the Lucy Furnace near Pittsburg some 
years ago, and was described by Mr. Pechin,' from whose paper we 
quote the following : 

'■ The furnace had been working well on low-grade ores of about 50 
per cent., producing daily 68 to 70 tons. The charge was changed to 
Republic ore, one of the purest and best of the Lake Superior ores, 
for the purpose of making Bessemer iron. This was charged by 
itself, and Mr. Skelding, the founder, reports that he did not succeed 
in getting a single cast when it came down before the furnace chilled 
from the hearth to the top of the boshes, some 25 feet. Every effort 
was made to overcome the difficulty without avail, and the disagree- 
able work of cleaning out the furnace was begun. The hearth was 
dug out some six or eight feet up, when Mr. Skelding remarked in the 
hearing of one of the proprietors that he wished he had a cannon. A 
mortar was forthwith procured from the arsenal, and they commenced 
firing shots up into the chilled mass. But by and by the mass became 
pasty, and the cannon-balls, of which they had but three, stuck fast 
Mr. Skelding put in a large charge of powder, and then, to the aston- 
ishment and amusement of the spectators, rammed the mortar full of 
cotton waste, and on top of this put a lump of hard ore weighing 
about fifty pounds. It is not certain whether he said ' presto, change,' 
but this novel shut brought down the scaffold and the cannon-balls, 
an<l Lucy once more breathed freely." 

■ TranMctions Am. Inst. M. E., II., p. 59. 
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SCHOOL OF MINES NOTES. 

The old School of Mines building has been demolished, and we 
have cleared our eyes of the dust raised by the energetic Irishmen 
enough to see that the excavation for the new building has already 
made some progress. The plans for the new building, however, are 
not as yet ready for publication, so that we shall have to postpone 
till next year our promised description and illustrations. 

The College library building has made great progress since last 
mentioned in these pages, the walls being nearly complete, with every 
prospect of its being ready for use next year, when it will be occu- 
pied temporarily by the Law Sthool until the new building for that 
department shall be ready. 

Although it often happens that students, in the course of their 
laboratory work, are engaged in operations of more or less danger, 
serious accidents have tbrtunately been of rare occurrence, but one 
having happened this year. This took place on April 3d, and con- 
sisted in the explosion of a glass retort in which Mr. W. H. Cooper, 
of the gra<luating class, was distilling a mixture containing, among 
other ingredients, a considerable proportion of concentrated sulphuric 
acid. Mr. Cooper's face and arms were covered with the boiling 
liquid, and were somewhat cut by flyii^ glass. Bnt for the prompt 
and careful treatment he received at the hands of Mr. Elliott, and 
others, his injuries, so his physician states, would have been very se- 
rious, and might even have resulted fatally. The burns were first 
washed carefully with water, and then with a solution of sodium bicar- 
bonate to neutralize the acid, after which an emulsion of lime-water 
and oil was applied. 

The efficiency of this method of treatment is shown by the rapidity 
with which the burns are healing, and it is to be strongly recom- 
mended in all similar cases. 

It is unnecessary to assure Mr. Cooper of the hearty sympathy of 
his classmates and all others at the School who know him, and their 
hope that he will very soon be able to resume his work in their midst. 

The Chemical Society held its Sixty-eighth Regular Meeting on 
January 26, 1882. President Wittmack in the chair. Mr. McKenna, 
'83, read a paper on the " Use of Woody Fibre in Paper- Making," 
illustrated with specimens, etc. Mr. Cooper announced his paper on 
" Dry Assay of Copper." 

Several members were elected, and a lecture committee, consist- 
ing of Messrs, Powers, I'ainter and Wittmack, was apiwinted. 

The Sixty-ninth Regular Meeting was held on February 16, 1883. 
Several new members were admitted, and the following officers were 
elected for the present term : 

President, C. V. V. Powers, '82. 

FirA Vice-President, F. Sands, '82. 

Second Vice-President, H. Feucmtwancer, '82. 

Secretary, F. W. Trafhagen, '82, 

Treasurer, G. E. Painter, '83. 
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The Seventieth Regular Meeting was held on March 9, i88a. 
A number of active and honorary members were elected and the 
Society then adjourned. 

The Society held its Seventy-first Regular Meeting on April 6 
1882. Having finished the routine business, the lecture committee 
recommended that the following gentlemen be asked (o lecture on 
the subjects : 

President F. A. P. Barnard, " Germ Theory in Disease ; " Dr. 
Draper, " Solar Spectrum Photography ; " Dr. Stebbins, " Azo 
Colors;" Dr. Love, "Gas Analysis." Adjourned. 

The Seventy- second Regular Meeting was held on April 20, i88a. 
After the regular business, Mr. Bullman read his paper on the " Atomic 
Theory." Mr. Caiman announced his paper on "Cyanine," as also 
Mr. Wittmaclc on " Coal-tar — its Influence on the Industries of the 
World." Then followed adjournment. 



ADDITIONS TO LIBRARY SINCE FEBRUARY. 

ENGINEERING. 

Abbot, Lieut. Col. Henry L. Kqmrt upon a Syitem of Submarine Mines for 

DercndiDg the Harbors of th« United States. 410. Washineton, tSSi. 
Danneaber|>, Juliui. Bergmanntsches Worterbuch. i2mo, 464 pp. Ldpiie, 

iSSz. 
Letters as to the Practicability of a Ship Railway. Svo, 46 pp. St. Lnuis, 18S2. 
Porter, Charles T. A Tieatise on the Richards Sleam Engine Indicator. Svo, 

358 pp. London. 
Robert, Major Henry M. Analytical and Toi»cal Index to the Reports of the 

U. S, Chief of Engineers, \^^Sb-^% Svo, 614 pp. Washington, 1881, 
Shock, W. H. Steam Boilers, their Deidgn, Const roction, and Management. 4I0, 

473 pp. New York, 1881. 
VarooB, Adolfo de. Sewer Gases. iSmo, 144 pp. New York, 188a. 
Woodward, C. M. A History of the St. Louii Bridge. 4to, 391 pp. St. Louis, 

t8Si. 

GEOLOGY AND NATURAL HISTORY. 

Bessey, Charles E. Botany for High Schools and Collies. Svo, 611 pp. New 

York. i8gi. 
Bulletin of the Toirey Botanical Club. Vols, t-6. Svo, New York. 1870-81. 
Darwin, Charles. The Formation of Vegetable Mould. Svo, 326 ro. New 

York, 1882. 
FIsber, Rev, Osmond, Physics of the Earth's Crust. Svo, 399 pp. London, 

1S81. 
Heddle, M. Poriter. Geolc^cal Hap of Sutherland. 18S1. 
[add, John W. Volcanoes: What they Are and What they Teach. Svo, 381 pp. 

New York. iSSl. 
Sandberger, Fridoliik. Untersuchungen iiber Engiinge. Erstei Heft. 8vo, ijS [^ 

Wiesbaden, 1881. 
Taylor, Edward B. Anthropology. Svo, 44S pp. New York, 1881. 

MINERALOGY. 



Svo, 615 pp. Leipsig, i83i. 
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ADDITIONS TO LIBRARY. 
METALLURGY. 



London, i8Si. 

Neveu, F., and L«on Henry. Tiaitt Pratique du Laminage du Vti. Svo and 
AlUi. Paris, iSSi. 

CHEMISTRY. 

Adulteration of Food. Reports Tor 1876-1S81. Printed bj order of the Canadian 
Parbament. 

Allen, Alfred H. An Introduction to the Practice of Commercial Organic Anal- 
fas. 3 vols. Svo. London, 1879. 

Baifoed, Chr. Th. Lebrbach der Organischen qualitativen Analyie. 8vo. Ko- 



Barreawil et Aimt Gerard. Diclionnaire de Cbimie Induslrielle and Introduction. 

5 voU 8vo. Paris, 1861. 
Bdlstein, Dr. F. Handbuch diCr Organischeo Chemie. Lief, i-^ Lcipaig, 1881, 
Bierdermann, Dr. Rudolph. Cliemiker Kalender. 3 vols. iSmo. BetHn, iSSa. 
Blfth, Alexander Wynier. Analysis of Food and Detection of Poisons. 8vo, 

46S pp. London, 1879. 
Binos, WiUiam. An Elementary Treatise in Orthographic Projection. 3 vols. 

8»o. London, 1876-78, 
Bdtkrow, A. Lehrbuch der Organischen Chemie. Svo, 752 pp. Leipzig, 1868. 
Dumas, H. Traits de Chimie Appliqu^e auK Arts. 8 vols. Svo. Paris, iSaS. 
Fittig, Rudolph. Wohler's Outlines of OrgMic Chemistry, Translated by Ira 

Remsen. Svo, 512 pp. Philadelphia, 1873. 
Girardin, M, Y. Lefons de Chimie EltmcDlaire appliqu^ aui arts Industiiels. 

S vols, and Supplement. Paris, 1S80. 
Henberg, Dr. CarL Vollstiindiges Handbuch der Cheroischen Fabrikenknnde. 

Svo, 879 pp. Weimar, 1858. 
H^tjl, Frederick. Manuel de Chimie Oi^^anique Gl^enlaire avec ses Applications 

it la MMecine, k L' Hygiene et )i la Toxicologic. Svo, 767 pp. Paris, tSSo. 
Hoffman-Schaedler Tabellen fiir Chemiker. 8vo, 312 pp. Berim, 1S77. 
KekoU, Dr. AuE. Chemie der Benzolderivate. 2 vols. Svo. Stuttgart, 1S67-1SS1. 
Lormfc, G. Eugine. Manuel Complet dn Fabricant de Froduits Chimique. 4 

vols. i8mo, and Atlas. Paris, 1S61. 
Oppolzer, Theodore. Lehrbuch lur Bahnbestimmung der Kometen und Planeten. 

4I0. Leipzig, 1S70-18S0. 
Remsen, Ira. Principles of Theoretical Chemistry, with special reference to the 

Conalicutian of Chemical Componnda. Svo, 231 pp. Philadelphia, 1877. 
Richter, Dr. V. v. Chemie der Koblenstoffverbindungen. Svo, S34 pp, Bonn, 

1S80. 
Schorlemmer, Carl. Lehrbuch der KoUenstofTverbinduogen. Svo, 603 pp, 

Braunschweig, 1S74. 
Schubarth, Ernst Ludwig. Handbuch der technischen Chemie. 3 vols, and Atlas, 

Berlin, 1851. 
Slohmann F. and Carl Engler. Handbuch der technischen Chemie. 3 vols. Svo. 

Stuttgart, 1S73-1874. 
WengholTer, Dr. Lndwig. Kuries Lehrbuch der Cliemie der Kohlenstoffverbin- 
dungen. Svo, 756 pp. Stuttgart, iSSa. 

MISCELLANEO US. 
Elliott, Henry W. The Seal Islands of Alaska. loth Census of the United 

States. 4to, 176 pp. Washington, iSSi, 
logersoll, Ernest. The Oyster Industry. loth Census of the United States. 4to, 

350 pp, Wa^ingtoD, 1S81. 
King, Clarence. Statistics of the Production of the Precious Metals in the United 

States. 4to, 94 p^. Washington, iSSl. 
Richard, H. Die Gewinnnng der Uespinnstfasem, Svo, 303 pp. Braunschweig, 

1881. 
Swank, James M. Statistics of the Iron and Steel Production of the United 

States. 4(0, i8a pp, Washington, 1881, 
Woolbonse, W. S. B. Measures, Weights, and Moneys of all Nations. 8to, 308 

pp. London, 1S81. 
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Lack of space again compels us to omit extracts from graduates' 
correspondence, except so far as containing matter of professional in- 
terest, and printed among the original papers or in the Professional 

Notes. 

We have received the third annual report of the Permanent Secre- 
tary of the Class of 1878, issued in March, 1882. In addition to the 
usual letters from members of the class, the report contains a history 
of the Class Society of 1878, from October, 1874, to June, 1875, by 
R Willis, the "Franco-German" petition sent to the Faculty by 
the class, and an accoiiin of the experiences of the M. E.'s at Drifton 
in 1877, by " Commodore " Perry. In the " Postscript in lieu of a 
Preface," the Permanent Secretary, Mr. Munsell, asks the opinion of 
the class as to whether the report shall be published separately as 
heretofore, or shall in future be incorporated into the Quarterly. 

The pamphlet is well arranged and carefully edited, and reflects 
credit upon its compiler. 

LIST OF GRADUATES. 



Cil. 

Samuel Willard Bridghain, E,M,, 49 West Twenly-third Street, New York City. 
Francis Gordon Brown, E.M.. Merchant, It6 EJtst TweDty-seventb Street, Nen 

York Cily, 
Edward Stelle Bronson, A.B., A.I4., E.M., Praspecl Parle, Brooklyn. Honse, 

144 Hicks Street. 
Jolin Adami Church, E.M., Ph.D., Superintendent Tombstone Mill and Mining 

Co., Tombstone, Arizona, 
Henry Bedinger Cornwall, A.B., A.M., E.M., Professor of Analylkal Cliemistiy 

and Mineralogy, College of New Jersey, Princeton, N. J. 
Edward Everett Giddings, E.M., Merchant, st Metropolitan Block, Chic^o, 111. 
Charles King Grade, A.M., E.M., 71 Broadway, New York City. 
Albert Ward Hale, A.B., A.M,, E.M., CivU and Mining Engineer, 71 Broadway, 

New York City. 
Thomas Hayes Harmer, A.B., A.M., KM., 113 East Thirty-sevenlh Street, New 

York City. 
Frederic Milton Heath irormerly Petit), E.M., Potsdam, Saint Lawrence County, 

N. Y. 
William Wey Tutlle, E.M., Horticnltaiiit, care of Baird & Tattle, Blooinington, 

IlL 
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Jam«l Pettigrew Cuson, E.M., Mining Engineer. Address, Sz Broadway, New 

York City. 
Albert Huntington Chester, A.M., E.M,, Ph.D., Chllds Professor of AgricultDral 

Chemistry, Hamillon College, Clinton, Oneida County, N. Y. 
George Hampinn Conrsea, E.M., C.E., 307 Greenwich Street, New York City. 



George Jarvis Geer, Jr., E.M., Merchant, 453 Broome Street, New York City, 
Geoi^e Byron Hanna, A.B., E.M., Melter, U. S. Assay Office, Charlotte, N.C. 
•Archibald MacMartin, A.B., A.M., E.M., Editor and Metallnigist, 168 Fifth 



w York City, Died in New York City, May 7, i 
Edward Stewart Moflatt, h..^., A.M., E.M., SupcKntendent of the Muscooet- 

cong Iron Works, Stanhope, N. J. 
George HowUnd Parsooi, E.M., Superintendent of I^and Improvement Company, 

Colorado Springs, Col. 
WilUam Pistor, E.M., Hamilton & Pistor, Architects, 35 Broad Street, New York 

City. 
Charles Slason Plait, E.M., Assayer, 4 Liberty Place, New York City. 
Kenneth Robertson, E.M., Superintendent of the Missouri Furnace Company. 

Address, care of Potter & Riggs, St. Louis, Mo. 
Albert P. Shack, E.M., Ministry, 34 Somerset Street, Boston, Mass. 
Frederick Augustus Schcrmerhorn, E.M., Trustee of Columbia College. Address, 

61 University Place, New York City, 
Lenox Smith, A.B., E.M,, Steel Rails, 46 Pme Street, New York City, 
William Allen Smith, E.M., Manager of the Weldon Mining Company, Dover. 

N. J. Address, 16 Exchange Place, New York City. 
Frederick StaJlknechl, E.M., Editor, 133 West Thirteenth Street, New York City. 
William Henry Van Arsdale, A.B., A.M., E.M., Consulting Engmeer, 16 Ex- 

chanee Place, New York City, 
Moses Dillon Wheeler, A.B., E.H., P. O. Box 331, Slapleton, Richmond Connty, 

St at en Island. 

1869. 



Frederick Bruckman, E.M., Assayer to the Amie Consolidation Company, Lead- 
vUle, Col. 

Alonzo Clarence Campbell, E.M., Chemist and Mining Engineer, 337 Shelby 
Avenue, Nashville, Tenn. 

William Augustus Hooker, A.B., A.M., E.M,, Consulting Geologist and Mining 
Engineer ; office, 1 WaU Street, New York City. 

R<dBnd Duer Irving, A.M., E.M., Ph.D., Professor of Geology and Mineralogy 
in the University of Wisconsin, Assistant State Geologist of Wisconsin, and 
Special Agent of the Tenth Census of Exploration of Lake Superior. 

Walter Proctor Jeiuiey, E,M., Ph.D., Consulting Engineer and Geologist, Dead- 
wood, Dakota. 

Henry Smith Munroe, E.M., Ph.D., Adjunct Professor in Surveying and Practi- 
cal Mining. School of Mines, Columbia College, 

Lionel Robert Nettre, E.M., Superintendent of the Gregory Consolidated Mbing 
Company, Helena, Lewis and Clarke Counties, Mont. 

• Henry Newton, A.B., E,.M„ Ph.D. Died, August j, 1877, at Deadwood City, 
Dai. Terr., while occupied as Assistant Geologist of Black Hills Expedition. 

William Bleecker Potter. A,B., A.M., E.M., Professor of Mining and Metal- 
lurgy, Washington University, St, Louis, Mo. 

John Cooper F, Randolph, A.B., A.M., E.M., Consulting Engineer, 35 Broad- 
way, New York City. 

187a 
C^en Haight, E.M., Stock Broker, 38 Broadway, New York City. 
WillUm Halsey Ingersoll, A.B., A.M., LL.B,, E,M,. Portland, Conn. 
John Augustus Knapp, A.B., A.M., E.M., General Manager Mingo Furnace, P. 

O. Box 515, Salt Lake City, Utah. 
John Leo Lilienthal, E. M., P. O. Box 1058, San FranciKo, Cal. 
Stnart lindsley, E.M., Superintendent. Detroit Copper Company, Clifton, Ariz. 
Edward Moore Parrot, E.M,, Manager of the Fumaceville Iron Company, Fuf- 

naceville, Wayne County, N Y, 
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Richard Heniy Terhane, E.M., Superintendent of the Morgan Silver Smelling 

Company, Salt Lake,.Utah, 
Theodore Frtmcis Vui Wngenen, E.M., General Manager Twin Lakes CoDsali- 

dated Gold Placer Mining Company, Leadville, Col. 
Elwyn Waller, A.B., A.M., E,M., Ph,U., Instructor in Analytical Chemistry, 

School of Mines, Columbia College, and Chemist to the New York Board of 

Health, New York City. 

1871. 



lumbia Chemical Worlts, 66 Water Street, Brooklyn, N, V. House, 709 

Madison Avenue, New York Cily. 
John Gordon, Jr., E.M. Address, care E. Johnson* Co., Rio Janeiro, Brazil. 
Pierre de Peyster Rickells, E.M., Ph.D., Instructor in Assaying, School of Mines, 

Columbia College. 
George Washington Riggs, Ph.B,, Chemist, Potter & Kiggs, Washington UniTer- 

sily, St. Louis, Mo. 
Gracie Sayte Roberts, E.M., CE., Consulting Civil Engineer, SS Union Avenue, 

Brooklyn, E. D, 
Richard Spotswood Robertson, Jr., E.M., with Cargenie Bros. A Co., I^tts- 

burg, Pa, 

187a. 

Peter Townsend Austen, Ph.B., Ph.D., F.C.S., Professor of Analytiokl and Ap- 
plied Chemistry, Rutgers Collie, New Brunswick, N. J. 

* Frank B. Jenney, E. M. Died in Trinidad, 1876, while engaged as Superinten- 
dent of ihe Orinoco Exploring Company. 

Frederick H. McDowell, E.M., Contractor and Engineer, 17 Corttandt Street, 
New York Cily. 

Thomas O'Connor Sloane, A.B., A.M., E.M., Ph.D., Chemist, Sloaoe & Rupp, 
119 PenrI Street, New York Oty. 

Arthur F. Weodt, E.M., C.E., Consulting Ei^eer, 414 East Fifty-first Street, 
New York City. 

1873- 
Frederick A. Canfield, A.B., A.M., E.M., Consnlting Engineer, Dover, N. J. 
Charles Adams Collon, E.M., Assistant in Miueralogy, School of Mines, Columbia 

College. 
Henry Augustus Moti, Jr., E.M., Ph.D.. Mining Engineer and Analytical Chem- 

fat ; office, 105 Water Street ; residence. 30 West Fifly-ninth Street. 
Henry Walter Webb, E.M,, Lawyer, Webb 4 Sprague, 106 Broadway, New 

York City. 
John Townsend WiUiams, E,M., Ph.B., East River Chemical Works, Forty-fourth 

Street and East River, New York City. 

1874. 
Charles Sumner Allen, Ph.B., M.D., Practising Physidan, 104 East Eighty-fifth 

Street, New York City. 
William de Liesseline Benedict. E.M., Consulting Mining Engbeer, with Union 

Ore Cone. Co., ag Broad Street, New York City. 
John Gedney Mott Cameron, E.M., C.E., Assayer, Spears & Howard. Address, 

Fifly-fiflh Slreet and Madison Avenue, New York Cily. 
Samuel Morris Lillie, E.M., Chemist, Harrison, Havemeyer & Co., 101 South 

Front Street, Philadelphia ; residence, 307 Pine Street, Philadelphia. 
George Murray, E.M., General Manager Amer. Mining and Smelting Co., Lead- 
ville, Colorado. Cily address, 835 West Tweniy-lhird Street, New York City. 
Eben Erskine Olcott, E.M., Superintendent St. Helena Gold Mine. Delicias, So- 

nora, Mex. Address, in West Thirteenth Street, New York Cily. 
Benjamin Franklin Rees, E,M,, Merchant, 37 Ferry Street, New York City, 
Frands Bell Forsyth Rhodes E.M., Superintendent Mingo Works, near Salt 

Lake, Utah. 
Frederick Harrison Williams, E.M. Cure of W. Williams, Orai^, N, J. 
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1875- 
Magnns, C. Ihlseng, E.M., CE., Ph.U., Prof, of Engiaeenng, State School of 

Mines, GoMeD, Col. 
Malvem WelLi lies. Ph. D., Chemist, Gruit Smelting Company, LeadviUe, Col. 
Charlei Edward Jacklon, C.E., Division Engineer, Manhattan Railroad Com- 
pany, 60 Gold Street, New York City. 
Douglas Arad Joy, E.M., Assistant in Chemistry, University of Michigan, Ann 

Arbor, Mich. 
'Rabert Schuyler Lamson, C.E., Major in the Egyptian Army. Died at Darboor, 

Upper Egypt, 1876, 
Harry Wenman Leavens, E.M., U. S. Geological Survey, San Francisco, Cal; 

also care of Frederick Leavens, S35 Broadway, New York City. 
Arthur Macy, Ph.B., C.E, Supt. Silver Mt. Mminfi Co., Ophir, Col. Address, 

35 Broadway, New York City. 
William Skaats Noyes, E.M., Assayer in charge of Bodie Mill, Cal, 
Philip Charles Plisler, E.M., i>5i Forsyth Street, New York Oily. 
Franklin Pool, E.M., Chemist, Celluloid Manufacturing Company, Newark, N. J- 
Bayard Taylor Putnam, E.M., Northern Trans-continental Survey, Newport, R. 1. 
John Krom Rees, A.B., A.M., E.M., Insiruilor b Geodesy and Director of the 

Observatory, Columbia College, New York City. 
Charles M. Rolker, E.M., Supt. Chrysolite Mining Co., Lcadville, Col. 
Samuel Howland Russell, E.M., 417 Fifth Avenue, New York City. 
Hunter Stewart, E.M., Civil En^neer, P. O, Bon 1366 New Orleans, La. 
Milton Strong Thompson, Ph.B., Chemist, Ugnoid Manufacturing Co., Newbnrj- 

port, Mas;. 

John Henry Tucker, Ph.D., Chemist, no Front Street, New York City, 
ames Simpson Chester Wells. Ph.D., Instructor in Analytical Chemistry, School 
of Mines, Columbia College. 
Edxrin Alwatcr Wetmorc, E.M, Care of E. A. Wetraore & Co., Iron Merchants, 

Marquette, Mich. 
Albert Allen Wright, A.B., A.M., Ph.B,, Prot Geology and Natural History, 
Oberlin College, Oberlin, O. 

1876. 
Thomas Sept imns Austin, E.M., Supt. Smelting Works, Germania Station, Salt 

Lake, Utah. 
Frederick Everett Bruen, E.M., C.E., Assayer, office in P. O. Building, Lead. 

ville, CoL 
Frames Sanderson Craven, E.M., C.E., Assayer and Surveyor, Irwin, GmmisoD 

Co., CoL 
George Rockwell Cornwall, E.M., C.E., Assayer and Surveyor, Imin, Gunnison 

Co., Col. 
Herbert Carrington Foote, CE, Professor of Chemistry, Central High School. 

Address, 37 Arlington Court, Cleveland, O. 
Edmund Hyatt Garrison, E.M., C.E.. Asst. Treas. Central Park and E.R.R.R. 

Co., Tenth Avenue and Filly-third Street, New York Cily. 
Louis Benton Graiacap, Ph.B., Cnrator Am. Museum of Natural History, Central 

Park, Address. Si Gold Street. New York City. 
Robert William Hall, E.M., Mining Engineer, 3 W. Fifty-Sixth Street, New 

York City. 
Sdiuyler Hamilton, Jr., A.B., A.M., E M., Architect, 35 Broad Street, New 

York City. 
Fnuicii Newberry Holbrook, C.E,, Superintendent Corralitos Mining Company, 

Corralitos, Chihuahua, Men. Address, care J. P. Holbrook, 354 Broadway, 

New York City. 
Walter Lowrie Hoyt, E.M., C.E., Chemist and Assayer, Omolia Smelting and 

KeAiung Company, Omaha, Neb. 
Frederick Fumeanx Hunt, E.M., C.E.. Pelton, Pima County, Arit. 
Frederic Remsen Ilutton, A.B., A.M.. E.M., C.E.. Ph.D., Instructor in Mechani- 
cal Engineering, School of Mines, Colnmbla College. Address, 6 W. Thirty. 

third Street, New York Cily. 
Charles King, Ph.B., Real Estate and Insurance, 73 Cedar Street. New York City. 
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Edward Gurley Love, A.B., A.M., Ph.D., Ttfter of ill. p*, Dept. of Public 
Works, New York City ; EKaminer in Chem. , College of Phjiiiciam and Sur- 
geons. Address, School of Mines, Columbia College. 

John Holme Maghee, A.B,, A.M., C.E., i6 East Fifty-fourth Street, New York 
City. 

Henry Krancia Morewood, E. M., Importer, 34 South Street, New York Ciiy. 

James William O'Grady, E.M., C.K, Home Street, opposUe Villa Place, Monis- 
ania, New York. 

James Fid Randolph, E.M., C.E., til Broadway, New York City; also, Monis- 

William Coleman Ross, E.M., C.E., Silver City, Grant Co., New Meic. 

Alliert Francis Schneider, E,M,, C.E.,Supt. Germania Smelting and RefiniMCo,, 

P. O. Box 748, Salt Lake City, Utah. 
George Cyrus Tilden, C.E., Asst. Supt. Dunderberg Miuing Co., Georgetown, Col. 
Elbert Champliii Van Blarcom, C.E., Tombstone, Ariz. 
Augustus Clark Wftlbridge, E.M., CE., 71 Downing Street, Brooklyn, N. Y. 
Jamet Robert Wardlavr, C.E., Village Engineer, Castleton, S. I. 

■877. 
Louii de Souia Barros, C.E., E.M., San Paulo, Bratil. 
James Thom Beard, E.M., C.E., 103 St. James' Place, Brooklyn. 
Edward Behr, C. E., Piano Manufacturer, 43 Union Square, New York City. 
Charles Ramsay Buckley, A.B.. A.M., E.M., Esmerelda Mine, Black Hills, Dak. 

Address, 34 Wall Street, New York City. 
Unus Bertram Cady, E.M., CE., in Michigan. Address, 334 West Thirty-eighth 

Street, New York City. 
Augustus Cass CanfiebJ, KM., 60 West Firtyfourlh Street, New York City. 
John Briuon Cauldwcll, C.E., 6 East Foriy-ninlh Street, New York Giy. 
■Henry Gilbert Clark, E.M., C.E., late Supt. Cortei Mining and Milling Co., 

Aurora, Nev. Died of typhoid fever, August i, i88t. 
Charles F^dwards Colb>-, E.M., CE., Private Assistant to Professor C F. 

Chandler. Address, Fiftieth Street and Fourth Avenue, New York City. 
Charles Louis Conaiani, E.M„ C.B:., T. J. Hojer & Co., Paints, 936 Thiid 

Avenue, New York City. 
George Blrdsall Cornell, E.M., C.E., CivU Engin^r, Address, 46 West Forty- 

eighth Street, New York City. 
Frederick William Floyd, E.M.,C.E,, United Stales Gengraphical Survey, 1813 F 

Street, Washington, U. C 
Frank Stuart Helleiwrg, C.E., Assayer and Chemist, Cammings & Finn Smelting 

Works, Leadville, Col. 
Walter Kilwirds Iliklrelh, E.M., C.E., Consulting Engineer, 51 Broadway, New 

York City, 
Aiel Olal Ihiseng, B.S., E.M,, CE., Chemist, Sugar House of Havemeyer Bro- 
thers & Company, Brooklyn, E. D. Addreis, 151 E. Thirty-third Street, New 

York City. 
Tosf Nabor Pacheco Jordao, CE., E.M., Ph.B., Pan list a Railroad, San Paolo, 

Brazil. 
William Kelly, A.B., E.M., Superintendent Kemble Coal and Iron Co., Rid- 

dlesbure, Bedford County, Penn. 
James Bucklon Mackintosh, E.M,, C.E., Private Assistant to Dr. Egleston, School 

of Mines, Columbia College. 
John Glenvil Murphy, E.M., C.E., Rigby & Murphy, Mining Engineers, 78 & So 

Broadway, New York City. 
Ralph Nichols, E.M., C.E., Nichols & Dunham, Leadville, Col. 
Dudley Hiram Norrii, E.M., Lawyer, in Lafayette Avenue, Brooklyn. 
•James Robert Priest, E.M.. C.E., School Teacher and Surveyor, Greenville, 

Sinon County, Liberia, Africa. Died, 18S0. 
William Henshaw Radford, E.M., Richmond Mine, Eureka, Nev. 
Sylvanus Albert Reed, A.B., E,M., Gunnison Crushing and Sampling Works, Rose^ 

Reed & Co., Irwin, Gunnison County, Col. 
Charles Louis Rogers, E.M., CE., Assayer. Address, Gilbert Avenue, Cbdn- 

nali, O. 
Edward Eugene Sage, CE , Assistant Assayer, United Stales Assay Office, New 

York City. 
William Henry Smealon, C.E., E.M., Mt. Vernon, Westchester Co., N. Y. 
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Roland Mulvill« Smythe, E.M., C.E., S.19 Henry Slreet, Brooklyn, N. Y. 

Arthur Tliacher, E.M., C,E., Progress Mininp; Company, Lower CaliTomia. Ad- 
dress, loH East Thirty-sixlh' Slreet. New York City. 

Robert Wud Van Boskerck, C. E., Aiti&t, stodio, 337 Fourth Avenue, New York 
City. 

Cornelius Read Walerbury, C. E , Engineer and Surveyor. Care of Leonard & 
Company, 150 Broadway, New York City. 

187S. 

WiUiam James Adami, A.B., A.M., KM., Assistant Metallurgist, Batopilas Sil- 
ver Mining Company, Batopila<i, Chihuahua, Mex. 

Marcui Benjamin, Ph. B. Care E. H. Benjamin, 6 Barclay Street, New York City; 
residence, 43 East Sixty-seventh Street, New York City. 

Charles Edward Blydenborgh, A.B., A.M., E.M., Mining Expert and Prospector, 
Rawlins, Wyo. Ter. 

Robert Elmer Booraem, E.M., Engineer Evening Star Mine, Bok 1315, Lead- 
ville. Col. 

Geoi^ Charles Brinckcrhoff, E. M. Care Francke & Co.. Havana, Cuba. 

Willard Parker Butler, E.M. Care of Maitland, Phelps & Co., 33 Exchange Place, 
New York City. House address, 105 East Eighteenth Street, New York City. 

Alexander Ramsey Cushman, Ph.B., Ph.D., I18 East Sixteenth Street, New York 

City. 
John Woodhridge Davis, C.E,, Ph.D., Engineer and Geolo^t to Felix Grnndy 

Mining Company, Tracy City, Grundy County, Tenn. City address, 175 East 

Eighty-second Street, New York City. 
Walter B. Devereux, A.B., A.M., E.M., Superintendent, Takoma Copper Mining 

Company, Globe, Arit Address, 219 West Eleventh Street, New York Cily. 
Isaac Wyman Drammond, E.M., Ph.D., Chemist, F. W. Devoe & Co., 436 West 

Twenty-second Street, New York City. 
Orrien Pinkerlon Duwnine, Ph.B., Drugs, Oakland, Alameda County, Cal. 
Walter Graeme Elliot, E.M., C.E., Ph.B., Elliot & Hooper, Consulting Sanitary 

Engineers, 353 BroadVay. House address, 741 Fifth Avenue, New York City. 
Anton Fernekes, E.M., Chemist, Billing & Eiler's Smelling Worlu, Leadville, Col. 
Harry Leopold Hass. Ph.B., Zucker & Levett Chemical Co., 540 West Sixteenth 

Street, New York Cily. 
Vothinosuke Has^awa, E.M., Ph.D., Engineer in Coal Mina. Address Univeruty 

of Tokio, Tokio, Japan. 
Henry Albert Hodges, E.M., Chief Clerk, Wm. D. Andrews & Bros., Drive 

Wells, 233 Broadway, New York City. 
Edward Henry Holden, C £., Surveyor and Civil Engineer, One Hundred and 

Sixty-ninlh Street and Boston Avenue, Morrisania. N. Y. 
Witlitun HoUis, C.E., Mininj; Expert, Galveston, Harrisburg & San Antonio 

Railroad, San Antonio, Texas. 
Ella* Hattiion Johnson, Ph.D., I. G. Johnson & Co., Malleable Iron, Spnylen 

Duyvil, N. Y. 
Gilbert Henry Johnson. Ph.B., Chemist, 1, G. Johnson & Co., Spuytea Duyvil, 

N. Y. 
Corydon Powell Karr, Ph.B., Clarion, Mahoning & Pillsburg Railroad, Warren, 

Warren Co., Pa. : also care of Am. Finance Co., 7 Nassau Street, New York 

City. 
Benjamin Bowden Lawrence, KM., Superintendent and Mining Engineer, Monte- 

Euma Mining Co., Monteiuma, CoL Address, 44 East Twenlielb Street, 

New York City. 
Frank Lyman, E.M. Address, Low Moor, Alleghany Co., Va. 
Edward Austin McCulloh, Ph.B., Chemical Expert, Chicago, Burlington & 

Qnincy Railroad, Aurora, III. 
Nawokichi Matsui, Ph.B.. Ph.D., Instructor in Qualitative Analysis, University 

of Tokio, Tokio, Japan. 
Geo^ Barrow Morewowl, E.M.,Ph.D., Tea Importer, 34 South Street, New 

York City. 
Gouvemeur William Morris, E.M., Myers, Rutherford & Co., 58 Wall Street, 

New York Cily. 
Charle* Edward Munsell, Ph.B., Milk Inspector, New York Health Depwtment. 

Addresa^ Ulen Cove, L. I. 
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Henry Monjan Murphy, E.M,. H. H, Murphy & Co., VarnUIi Maker*, jiS Mc- 

Whorler Street, Newark, N. J. 
KiEigo Nambu, E.M., Engineer in Coal Mine. Addresi, Unlver^ty of Tokio, 

Tokio, Japan. 
Spencer Baird Newberry. E.M., Ph.D.. Assistant in Chemislry, Agricultural De- 

paitinent, Cornell University, Ithaca. N. V. 
James Atkin Noyes, Pit B., Student, Junior Class, Harvard Universily. Addrcsf, 

155 Kemsen Street, Brooklyn, N. Y. 
• Owen Frederick Olmsted, C.E. Died at Albany, N. Y., December, 1881. 
Frederick Nash Owen. E.M., Assistant Sanitary Engineer, Board of Health. 

Address, 19 West Finy-sixth Street. New York City. 
Cortlandt Edward Palmer, E.M. Address, 17 West Seventeenth Street, New 

York City. 
Richard Alexander Parker, C.E.. Engineer Mexican National Railroad, Laredo, 

Tex. Adress, 347 West Forty-eighth Street, New York City. 
Vicente Felix Paioa, E.M., laa Calle Zavala. Lima, Peru. 
Nelson Williams Perry, E.M., Instructor in MetallurEy, Hniversity of Cincinnati 

Address, 33S Auburn Avenue, Cincinnati, O. 
William Strieby, A.B., EM., Frofessoi of Metallurgy and Assaying, Colorado 

College, Colorado Springs, Col. 
Bailey Willis, E.M., C.E., As^stant Geologist, North Trans-Continental Sotvey, 

Newport, R. I. 

1879- 

Nathaniel Lord Britton, E.M., Ph.D., Assistant in Geology, School of Mines, 

Columbia College, New York City. 
Leo George Cloud, A.B., E.M., Superintendent Little Chicago Mining Co., 

Kokomo, Summit County, Col. 
Harry Clay Cornwall, E.M., Assayer, Irwin, Gunnison Co., Col. 
Louis Phillipe Dc Luze, C.E., 48 Pine Street, New York City. 
George Spencer Eastwick, C.E., Manager of Sugar Refinery, New Orleans, La. 

Address, care of Havemeyer & Eastwick, Tersey City, N, j. 
Louis Francis Haffen, A.M., C.E., Brewer, One Hundred and Fifty-second Street 

and Courtland Avenue, New York City. 
Charles Sumner Horker, E.M., care of Bodie Tunnel Co., Bodie, Cal. 
Nathaniel Hathaway, Fh.B., Private AsusUn I to Dr. Waller, School of Mines, 

Columbia College. 
Herman Hollerith, E.M.. 161 E. Sixty-first Street, New York City. 
Charles Arthur Hollick, Ph.B., box 128, Port Richmond, S. \. 
Isaac Bradley Johnson, E.M., Chemist, Hoosick Malleable Iron Works, Hoosick 

Falls, N. Y. 
Robert Andrew Johnson, C.E., Assistant Sanitary Eikgineer, New York Board of 

Health Address, Scarsdale, N. Y. 
Edward Cabet Koch, E.M., P. O. Box 2640. Leadvllle, Col. 
Thomas Haight Leggett, Jr., E.M., Batopilas Silver Miomg Co., BatOfdla?, Chi- 

huahuo, Mex. 
Edwin Ludlow, E, M., U. S. Engineer, 1619 Chestnut Street, Philadelphia, Pa 
Charles Wells Marsh, Ph.B., Assistant in Quantitative and Qualitative Chemistry, 

Princeton College, N. J. 
Theophilos Smith Mathis, E,M., County Surveyor, Ouray, Ouray County. Col. 
Ralph Edward Mayer, C.E., Resident Graduate, 218 East One Hundred and 

Twelfth Street. New York City. 
Hubert John Merwin, E.M., Assistant Engineer, Felix Grundy Mining Co., Tracy 

City, Grundy Co., Tenn. City address, 668 Hancock Street, Brooklyn. 
George Fanshawe Milliken, E.M., Tucson, AKe. 
Otis Mortimer Monroe, Ph.B., Ironton, Iron County, Mo. Address, 103 East 

Forty-fifth Street, New York City. 
Knight Neflel, C.E., Neftel & ChurchUl, 39 Broadway, New York City. 
James Nesmith, E.M., 15& Henry Street, Brooklyn, N. Y. 
Charles Milton Noble, E.M., General Foreman, Wooilstock Iron Works, Annis- 

ton, Ala. 
Robert Dunn Rhodes, E.M., Ontario Mine, Park City (Farley's Park), Utah. 
William Bell Stephen Reed, E.M., E. & B.S, R. R., Elizabeth town, Hardin 

County, Ky. 
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Francis Morns Rulherfurd, E.M. Care W. Rutberfurd, 344 East Thiiteenth 

Street. New York City. 
Gardner Hutchinson Sheldon, E.M., CorralUos, Chihuahua, Mex. 
George Cameron Slone, Ph.B., Chemist, New jersey Zinc and Iron Co., Newark 

N. I. Address, 35 Wesl Tweniysecond Street, New York City. 
Hen[7 Powler Starr, Ph.B., Chemist, Newark Sleel Works. Address, 91 Mount 

Pleasant Avenue, Newark, N. J. 
■Francis Baretto Stewart, Ph.B. Died of typhoid fever, at Harlem, N. Y., August, 

1879. 
John Richard Suydam, Jr.. E.M., 43 East Twenty-second Street, New York City. 
Granville Whittlesey Winiams, 388 CUntcn Street, Brooklyn, N. V. 



Alfred Lock wood Be^be, Ph.B., Assistant in Assaying, School of Mines, Columbia 

College. Residence, 58 East Sixty-eighth Street, New York City. 
Frank Parkinson Benjamin, C.E. Address, 31 West Nineteenth Street, New York 

City. 
Frederick Denison Browning, E.M., in California. Address, care Ledoux & 

Ricketts, 10 Cedar Street, New York City. 
William Frederic Braemnn, Fh.B., Chemist to Toliet Iron and Steel Works, 

Joliet, 111. 
Nathaniel Butler, E.M.. N. Y., W. S. & B. R.R. Care Henry RusseU & Co., 4a 

Barclay Street, New York City. 
AUred Uaniel Churchill, M.S.. Ph.B., E.M., Instructor in Drawing, School of 

Mines, Columbia College. 
Edwin Perry Clarke, E.M., Mining Engineer, Box 1210, Leadville, CoL 
Louis Ueor(;e Engel, EM., Engineer, with the Brooklyn Sugar Refinery, Brook- 
lyn, N. Y. 
Robert Otto Francke, C.E., travelling in Europe. Address, care Francke & Co., 

Havana, Cuba. 
Herman Garlichs, E.M., Conmlting Mbing Expert, Rico, San Juan Co., Cot. 

Address, 7 New Street, New York City. 
Wilk ins Updike Greene, Ph.B., Mean ChlorinatioD Co., Philadelphia. Address, 

3S South Portland Avenue, Brooklyn, N. Y. 
James Leal GreenleaF, C.E., Assistant in Drawing, School of Mines, Columbia 

Collie. Address, 23 Weal Twelfth Street, New York City. 
Albert Peler Hallock, Ph.B., Chemist, N. Y. Gaslight Co. ; residence, 349 East 

Thirty-first Street, New York City. 
Henty Harmon Hendricks, Ph.B., Chemist, A. R. Ledonx & Co., 17 Cedar Street, 

New York ; residence, sia Fifth Avenue, New York City. 
Louis Moiher Hooper, CE., Elliot & Hooper, Consulting Sanitary Engineers, 

252 Broadway, New York City, 
Theodore M. Hopke, Ph.B., Chemist, A. R. Ledoux & Co., 17 Cedar Street, 

New York ; residence. Hast incs-on- Hudson. 
Edward Henry Hudson, C.E.. 54 East Fifty-ibird Street, New York City. 
Frank Klepetko, E.M., Asust. Supl. Delaware Mine, Keweenaw County, Mich. 
Wheaton Bradish Kunhardt, E.M., Student, Germany. Address, 32 Beaver 

Street, New York City. 
Joseph Godlcy Maitison, Ph.B., Chemist, A. R, Ledoux & Co., 17 Cedar Street, 

New York City. 
Char}e* August Meissner, Ph,B., Chemist, Briar Hill Iron and Coal Co., Youngs. 

town, O. 
James H^viland Merrilt, Ph.B., ChemUt, Bradley White Lead Co., Water Street, 

New York ; residence, 184 Leflerls Place, Brooklyn, N. Y. 
Joan Adelberlo Navarro, CE., Student, Europe. Address, 251 West Forty 

fourth Street, New York Cily. 
Andrew McClean Parker, E.M., United States Deputy Mineral Surveyor, P.O. 

Box 553, Silver Cliff. Col. 
John Randolph Parkes, E.M., Asst. in Mechanical Engineerbg, School of Mines, 

Columbia College. Address, 113 Fenn Street, Brooklyn, N. Y. 
Frederic Augustus Potts. Jr., Ph.B., no Broadway, New York City. 
Henry Alvord Robinson, Pb.B., Law Student, with Robinson U Scribner, 102 

Broadway, New York ; resideiice, 19 East Sixty-second Street, New York City. 
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Ferdinand Rultmiinn, Jr., E.M., Mining Engineer, Tillj Foster Iron Mine, Brew- 
ster's Slaiion, N. V, 

Geoi^ Singer, E.M., Wilkinsbnrg, Alteg)i>n]' Co., Pa. 

George Har ton Singer, E.M., Singer, Nimmick & Co., Pittsburg, Pa, 

Wajlace Augustus Smalle)', E.M.. Surveyor and Assayer, Georgetown, N. Mei. 

Maxweil Smith, C.E., N. Y., W. S. & B. R. R, Address, I2i West Twenty-first 
Street, New York City. 

Theodore Tonncle, Ph,B. Address, 48 East Siity-eighlh Streel, New York City. 

Charles Herbert Tottey, Ph.B., Assislanl in Qualilative Analysis, School of 
Mines, Columbia College. Residence, 53 West One Hundred and Twenty- 
eighth Streel, New York Cily. 
Joseph Walker, Jr.. C.E.. 289 Fifth Avenue, New York. 
lerbert Allen Wheeler, E.M. Care Jas. E. Ward & Co., P. O. Box 1026, New 
York Cily. 

iSSi. 

Charles Alfred Andresen, E.M., with Pickaid & Andresen, 8 Gold Street, New 
York City. 

Freileric Theodor Aschman, Ph.B., Chemist, Wbeeter Iron Company, P. O. Box 
292, West Middlesex, Mercer County, Pa. 

Chas. Popham Bleecker, E.M., Assayer, Ogden, Utah. 

V ic lor Manuel Braschi, Ph.B., Resident Graduate ; candidate for degrees of E.M. 
and Ph.D. Address, 350 West Twenty-fourth Street, New York Citv. 

Edward Renshaw Bush, E.M. ; with E. E. Oicotl, Sonora, Mex. Address, care 
J. A. Bush. 54 Wall Sireet, New York Cily. 

Phillip Edward Chaial, EM. Care of Longston, Crane & Co,, Atlanta, Ga, 

Albert Lodd Colby, Ph.B., Chemist, Stale Board of Heallb. Address, School of 
Mines, New York Cily. 

Edward Moorhouse Douglass, C.E. , Erie R^road. Address, 143 South Diviaon 
Street. Buffalo, N. Y. 

Edward Kellogg Dunham, Ph. H.. Student, College Phy^niaiis and Surgeons. Ad- 
dress, "The Westminster," Fifty-first Street and Fourth Avenue, New York 
Cily. 

Arthur Henry Elliott, Ph.B,, Assistant in Chemistry, College Physicians and Sur- 
geons; also candidate for Ph.D., School of Mines. A^ess, School of Mines, 
New York City. 

Howard Van Fleet Furman, E.M., (icrmania Works, Salt Lake City, Utah. 

Williani Tudor Griswold, C.E., Sinalo and Durango Riulroad, Culiacan, Mex. 

Frederick Adotph Heramer, Jr., Ph.B., Student of Metallurgy, Clausthal, Ger- 

Chas. Breck Judd, E.M., United States Deputy Surveyor, Tombstone, N. Mex. 

Daniel James X^ary, C.E., fourth-year Sludeul in Mining Engineering, School of 
Mines, New York City. 

Augustus Uamon Ledoux, Ph.B. Address, Corn wall-on -Hudson, Orange County, 
N. Y. 

Wiliard Parker Little, E.M., Resident Graduate, Course in Architecture. Address, 
60 Wesl Fonielh Streel, New York City, 
alter Monfort Meserole, C.E., N. Y., W. S 
Address, 590 Lorimer Street. Brooklyn, N. 

Percy Neyman, Ph. B., Student in Chemistry and Assistant to Prof. Hoffmann, Ber- 
lin, Germany. Address, care E. H. Neyman, 97 Maiden Lane, New York City. 

Michael Joseph O'Connor, E.M., San Ios§ Mine, Egan CalSon, Nev. Address, 41 
West Twenty-eighth Streel, New York City. 

Thomas Devlin O'Connor, Ph.B., Resident Graduate; candidate for degree of 
Ph.D. Address, 4: West Twenty-eighth Street, New York City. 

Lucius Pitkin, Ph.B., Chemist, Laurel Hill Chemical Works, Penny Bridge, L. I. 

George Sharp Raymer, E.M., Denver, Col. Address, 63 Seventh Avenue, Brook- 
lyn, N. Y. 

William Thomas Richmond, Ph.B., Chemist, Trans-continental Geological Surrey, 
Newport, R. I. 

Arthur Carr Roberts, E.M., Sinalo and Durango Railroad, Culiacan, Mexico, 

Chas. Pike Sawyer, Ph.B., Assistant Superintendent Silver Mt. Mining Company, 
Ophir, Col. 

William Waldemar Share, Ph.B., As^staat in Phj^cs, ColnmUa College. Ad- 
dress, 336 Navy Street, Brooklyn, N. Y. 
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Chandler Dannat Stan, C.E., Resident Engineer, E. R. R, R. Co., Falls Mills, 
Tazewell County, Vi. Address, 103 East Sixleenlh Slreel, New York Cily. 

Thomas Beale Steams, E.M., Metallurpst, 64 First Place, Brooklyn, N. Y. 

Alfred Emc&t Swiln, E.M., Sinalo and Ourango RaUroad, Culiacan, Mex. Ad- 
dress, via San Francisco, Cal., and Mazatlan. 

Edgar Granger Tullle, E.M., Assistant Engineer, Ohio Railroad, Toledo, O. 

Alvan Howard Van Sindereo, Ph.B,, Student, Columbia Law School. Address, 
178 Columbia Heights, Brooklyn, N. Y, 

Herman Theodore Vult*. Ph.B., Superintendent Columbia Chemical Worki, 66 
Water Street, Brooklyn, N. Y. 

Ferdband G. Wiechmann, Fh.B., Private A<dstant to Professor Chandler; also 
Resident Graduate, candidate for degree of Ph.D., School of Mines, New York 
Cily. 

William Fish Williams, C.E., fourth-year Student in Mining Engineering, School 
of Mines, New York. Address, Wetherslield, Conn. 

Herbert M. Wilson, C.E., Sinaio and Durango Railroad, CaliocBn, Mexico. 

ENUMERATION. 

Classofi867 13 CI»ssoti876 26 

" 1868 ao " 1877 31 

" 1869 U " 1878 40 

'* iS?" 9 " >579 33 



1873- ■ 
1874.. 
1875.. 



Total number of graduates . . 



JCttmm to bt dictaitd. 

Class of 1S68 Archibald MscMartin. 

" 1869 Thomas Monahon BloHom. 

" l86g Henry Newton. 

" 1872 Frank B. Jenney. 

" 187s Robert S. Lamson. 

" 1877 Henry G. Clark. 

" 1877 James R. Priest. 

" 1878 Owen F. Olmsted. 

" 1879 Francis B. Stewart. 

Total 9 

Number of graduates living. 293 

Employed at follifus ; 

As Mining Engineers, consulting as 

" " •' field-work to 

" " " superintendents of mines 17 



' " " " sanitary work. 4 — 

' Chemists, coniulting and analytical 38 

' ' ' superintendents of works 3 

' Assayers. 3a 

■ Chemists and Assayers, instruction 15 — 

' Metallurgists, consulting. 7 

* " superintendents of works lo — 

* Geologists and Mineralogists, consulting 1 

' " " " field>work 4 

' Architects 

* Artists * 



, g„,.d lyGOOt^lC 



3*o THE QUARTERLY. 

As Phrsiciaiu. i 

•• Editors. ; 1 

' ' Ministerl 1 

Tn Agriculiore 2 

" Business , 30 

" Manufacturing 8 

" Studving, Europe mnd dsewbere IJ 

"Travelling I 

Occnpaciiui nnkiunni 7 

Total 393 

Employed as Mining Engineers I7.67 

" " Civil and Mechanical Engineers. 15.00 

" " Chemists and Assayers '9'34 

" " MelaJlurgists. 5.67 

" " Geologists and Mineralogists 3.99 

" " Architects, Lawyers, etc 4,99 

" in Professional work, Total 76.66 

" " Busioess and ManuhKturing 12.34 

" " Studying and Travelling, 5.67 

Occupations unknown 2.34 

Deceased a.99 

Dtgriis coHfermi to doit. 

E.M 198 

C.E 79 

Ph.B. 63 

Ph.D 27 

Total 367 

Deduct for repetitions 66 

301 

Id the dassilication of the graduates as to employment, the principal occupation 
only of each man is taken into consideration. Many of the mining engineers act as 
chemists, geologists, etc., and vice versa. The list is correct to April 15, 1882. 

P. DB P. RICKETTS, 

Stsiiint SKftlary Alumni AitacialieH. 
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AnAMS, I. M., -67 
AdanN W. I.. '78 


Cornwall, G. R., '76 


Hildreth, '77 


Cornwall. H. B., '67 


HodgeC'78 


Allen. '74 


Cornwall, H. C, '79 


Holbrook. '76 


Andresen, '8i 


Coursen, '68 


Holden. '78 


Aschmon, '8 1 


Craven, '76 


Hollerith, '79 


Austen, '71 


Cishaian, '78 


Hollick, '79 


Auslin, '76 




Hollis, '78 




Davis, '78 


Hooker, '69 


Barnard, '68 


De Luie, '79 


Hooper, '80 


BarrcM, '77 


Devereux, '78 


Hopke, 'So 


BaKier, -68 


Douglas, '81 


Hoy(, '76 


Beard, '77 


Downing, '78 


Hudson. '80 


Beebel'si 


Drimunond, '78 


Hunt, '76 


Behr, '77 


Dunham, '81 


Button, '76 


Benedicl, '74 








Eastwick, '79 


iHLSINO, M. C. '7S 


Benjamin, F. P., '80 


Elliott, W. G., '78 


Ihlsing, A. 0., '77 


Bleecker, '81 


Elliott, A. H., '81 


ll«. '7S 
Ing.rsoll, '70 


Blossom, '69 


Enitel, '80 


BoorMin, ^78 


Falks, '71 


Irving. '69 


Braschu -81 


Fernekes, '78 




Bridgbam, '67 


Floyd, '77 


eoney, W. P., '69 
enney, F. B., '71 
ohnson. E. M., '78 
ohnson, G. H.. '78 
ohnaon, 1. B., '79 
ohnston, '79 
or^oo, '77 


BrinckerhofT, '78 


Fooie. '76 


BriUon, '79 
Brown, '67 
Browniiw, 'So 


Francke, '80 
Furman, '81 

Garuchs, '80 


Bmckman, '69 
Bruen, '76 


Garrison, '76 
Geer, '68 


Bnigman, '80 


Giddincs, '67 
Goldschmidl, '71 


add,'". 


S!-^','" 




Gordon, '71 




Butter, W. P., '78 


Gracie, '67 


Karr. '78 


Botler. N., '80 


Gratacap, '76 


Kelky, -77 




Greene. '80 


S "8. 76 „ 


Cadv, '77 


Gteenleaf, '80 


Klepetko, '80 


Cameron, '74 


Griswold, '81 


Knapp, '70 


Carfreld,'A.C., '77 


Haas, '78 


l^::a-8o 


Canlield, F. A., '73 


Haffen, '79 




Canon, '68 


Haighl, '70 


Lamson, '75 


Cauldwell, '77 


H^, '67 


Lawrence, '78 


Ch.^1, '81 


Hall. '76 


Leary, '81 


Chester, '68 


Hallock. 'So 


Leavens, '75 


Church, '67 




Ledoux, '81 


Churchill, '80 


Hann>,'68 


Leggett, -79 


Cbark, '77 


Harker, '79 


Lillaitbal, '70 


Clarke. 'So 


Harroer, '67 


Ullie, '74 


Cloud, '79 


Hawgawa, '78 


Lindsley, '70 


Colby, C. E,, '77 


Hathaway, '79 


Little. '81 


CuHnr, A. L., '81 


Heath, '67 


Lord, '76 


Colton. -73 


Helleberg. '77 


Love, '76 


Constant, '77 


Hemmer, '81 


Ludlo*, '79 


Cornell, '77 


Hendricks, '80 


Lyman, '78 
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Mackintosh, '77 
MacMutin, '6S 
M»cy. '75 
Maghee, '76 
Marsh, '79 
Mmthu, '79 
Munii, '78 
MatEison, '80 
Majrer, '79 
McCulloh, '78 
McDowell, •^a 
MeisMier, '80 
Merwin, '70 
Meserole, '81 
Mitliken, '79 , 

Moffatt, '68 
Morewood, H. F,, '76 
More wood, G. B., '78 
Monis, '78 
Mo^^ '73 

Munroe, H. S., '69 
Munroe, O. M.. '79 
Munsell, '78 
Murphy, J. O., '77 
Murphy, H. M., '78 
MuiTfty, '74 

Nambb, '78 
Navarro, '8a 
Neftd, '79 
Nranith, '79 
Net (re, '69 
Newberry, '78 
Newton, '69 
Neyman, '81 
Nicliols, '77 
Noble, '79 



Norri 



'77 



O'Connor, M, J., '81 
O'Connor, T. D., '81 
O' Grady, '76 
Olcott, ' 74 

Olmstead, '78 
Owen, '78 

Palmer, '78 
Parker, R. A., '78 
Parker, A. McL., 'So 
Parks, '80 
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Parrot, '70 
Parsons, '68 
Paios, '78 
Perry, '78 
Pfi«er, '75 
Pislor, '68 
Pilkb, '81 
Plait, '68 
Pool, '75 
Polter, '69 
Polls, '80 
Priett, '77 
Putnam, '75 

Radford, '77 
Randolph, T. C. F.,'69 
Randolph, J. Fiti, '76 
Ray met, 'Si 
Reed, S. A., '77 
Reed, W. B. S.,'79 
Rees, B. F., '74 
Rees, J. K., '75 
Rhodes, F. B., '74 
Rhodes, R, D„ '79 
Kichmottd, '81 
RicketCs, '71 
Riggs. '7> 
Roberts, G. S., '71 
Roberts, A. C, '81 
Robertson, K., *68 
Robertson, R. S., '71 
Robinson, '80 
Rogers, '77 
Rolker, ' 75 
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Accidents in Marquette minei, 150 I 
AdmJEHon, increuuig requireniails, 56 
Air- compressors at Republic mimi, 245 
Amaleamation prevented by film or bjp 

hammering, gj I 

Analysis, by dectricity, 301 ; of Eases. 

apparatus for, 16 ; of Keel, 51 ; of 

mgar, 52 

Architecture, (be propoied course in, i 
Asbestos in orbon filter, 391 
Assay of cuptifereus blende, 223 
AMays, mechanical, for control o( coal 

washing, 21S ; of silver, universal 

flux for, 51 
Aurora, Nevada, past and present, 133 
Automatic devices for sampling, 355 
Autonutic safety gates, 315 

Ball's stamp, 93 

Band-broke, 245 

Barnnmmine,sintdtigor«haft "A," 115; 
" B." «77 . 

Barrel amalgamation, loi 

Battery sluice, 94 

Beach gold, 85 

Bessemer converter, tx-odnction of chill- 
ing irons in, 53 

Bituminous coal of Penn., 49 

Blast furnace engorgementi, J02 ; dag in 
mortar, 300 

Blasting-gelatine, Nobel's, 140, 396 

Blasting-pods, 141 

Blasting- powder, coropresied, 140 ; a 

Blende and pyntes, separation of, 54 ; 

cupriferous assay ol, 333 
Boring machines, rolaiy hydraulic, 139 
Brickwork, expansion of tie-rods io, 297 ; 

strength of, 299 
Browning, F. D., on San Juan mine, 364 
Buddiing of iron depotits, 43 
Bullion, treatment of, 164 



nature of deport, 40; reUef clubs, 
3Si; surface handling, S03 ; ^stem 
of mining, iii 

Chemical theory of genesis of gold, 6 

Chilian mill, 93 



detennination 
k, Henry G., 
tory of Aurora, Nev 
Cleveland iron mine, contract work, 14S ; 
drills used, 197 ; cipIusiTet, 199 ; 
handling of ore, 3di ; nature of de- 
posit, 106 ; payment, 349 ; pump- 
Coal, transportation on the Ohio and 
Missiiappi, 294 ; the available bitn- 
minous of PeonBylvania, 49 ; wadi- 
ing, mech. assays for control of, 3t8 
ColortSo minerals, 143 ; oresampHog in. 



ZS4 
CombnstloD. 



303! 



of luE^: 



itaneoui by HN 
391 



Compast-reading, to minutes, 39 
Concentration of iron deposits, 43 ; 

of tailings at San Juan mine, 16S 
CoodensMtioD diambers, 160 
Contract work in Marquette mines, 347 
Cornish pomps in Marquette mines, 246 
Cornish stamp, 93 
Cradle or rocker, 82 
Crushing, 196 ; of gold qnartt, 91 
Curves, resistance of, lo motion, 331 

Dau of brickwork in sewage tunnel, 193 
Davis, J. VI., inaccessible distances, 35 
Decrepitation to aeparale heavy spar and 

gray copper, js 
Deep placers, 87 
DisinlcgratoT, Vapait centrifl^, for 

separating blende and pyrites. 55 
Ditches for hydraulic mining, size and 



Marquette mines, 
1, 33 ; of Marquette 



, of, S 

I Doctors, how paid al 



Carbonate mine at 

Cars for endleic-ropc haulage, 193 | 

Cellars, ventilation of, 24 

Cement, aslining for mine gan&waya, 393 ; 

under pressure, for grouting, 398 
Chamber working Republic mine, its 
Champion iron mioe, accidents^ 350 ; 

drill* nied, 197 ; explosives, 198 ; 



Drainage of city hi 

mines, 246 
Drifting at L. S. Hematite, 117 
Drilling and blastmg in Marquette iron 

region, 196 
Drilline, comparison of hand and m*-. 

Driving wbeef for endless-rope haulage, 

Drums, boisting, 244 
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Dry conccDtrtttton M Friico, Utah, 117 



Dyke at Hanhfield, Mass., 119 

EarTRBNWAKB home diain^ 33 
Edwards mine, fonoatinn of, 44 
Egleston, Prof. T., prc^ess of metal- 

lurgjr of gold and lilver in the United 

Slates, 71, 157 
ElenHc railway, 141 
Eleclricit; apfdied to analysii, 30a 
Electro sUver-plaling, 30 
Elliott, A. H., apparatus for gas analy- 

Endlesa-chain indine, 14a 
Eodless-rope haulage, 183 
Endlest-riipe hoiKling, 316 
Engorgements in blast fnrnocex, 303 
Exploiting, method in Georgia, 313 
Eaplosives lued in Marqnetle mines, 198 



FilUng in 

Filter for carbon, igi 

Filtering cloths, prctervalion of, 301 

flltralion with iBunien pnmp, asa 

Fissnie veins, gold in, 13 

Float and raity gold, 75 

Floor, microicDpic tcsti of, 303 

Flow of water in pipes, 399 

Forepoliog in sh&ft "B," Barnum mint 

380 
Fiesheli, effect of, on strocture of iro 

depouts, 4J 
Friction taring, 145 
Furman, H. V. F., dry concentration i 

Frisco, Utah, 137 

Gancwayr, cement lining for, 293 
Uai analysis, apparatus for, 16 
Gearing, internal, 344 
Ueological ie<-ii™i nf ■>>• 



Grouting with hjidrMlatic pcCHnre, 398 

DUNc ore at torfkce at Marqnetle 
mines, 203; nodeTgronnd, 300 

Hanoa, Geo. B., roinei of the Appala- 
chian rangt 308 

__ ilage br endless rope, 183 

HitI, William, reclamation of tide-land 
at Mar^lield, Hasa., tiS 

Hoisting-cages, attachment of nqw, 115 

Hoisting' drums, 344 ' 

Hoisting in Marquette Iron ntno^ 343 ; 
with endless rope, 3i6 

Hollej, Alei. I., obituary, 335 

Horte-power, cost with mriosi motors, 



n of shafts at Leadrille, 

Geology— Coal of Penn^lvania. 49 ; 
genesis and distribution of gold, 5 ; 
of Manjuette ircm region, 35 ; [daccr 
deposits in Ycsio, 15 

Geo^io, mines of, 313 

German stamp, 93 

Giant-powder, etc, for removing scaf- 
folds in Uast fumoce*, 303 

Gold and stiver, progress <if metallorgy 
of, 71, IS7 

Gold, cost of production by hydraulic 
mining, 89; genens and distribation 
of, 5 ; ore, cost of treatment, 96 
placer depouts in Yesso, 15; quartz, 
treatment, 90 ; solnUtity of, 7 ; li 
ble ofproducti 



oyearf, 333, 310; notes, 
^ IH '3I. 3'o 
'< Gravel '* mines of North Carolina 



ducting materials, 145 ; tue of min- 
eral tKxiL, 146 
Hydraulic boring-machine (Brandt's), 
139; mining, 84 

Ilbs, Dr. M. W,, on Colorado minerals, 
14a ; on separation of lead iiulpbate 
and ulver-nlti ftom silicic acid, Z13 

Inclined planes of Morris Canal, 383 

Incline, self-acting, 143 

Iron region, the Mwqnette, 35, 103, 
197. 843 

Irons, productioD of chilling, 53 

Jackson iron mine, accidents, 350 ; de- 

Cuts, 107 ; eii^odves, 199 ; lund- 
g of ore, 300 \ hoistji^, 344 ; 
pumi^ng, 347 ; rdief clnti*, 35 1 

{apan, placer dqmmts in, 15 
nmpet^in, 139 

Laccihc of Jaduon nune steam-pipes, 

Lalie Superior Hematite iron mine, de- 
posit, 48 ; drills used. 197 ; explo- 
sives, 19B; shaft unking aul drift- 
ing, 117 ; system of minii^, 113 

Ijtke Superior q>ecnlaT iron mines, de- 
)>□))(, 103 ; drill* used, 197 ; explo- 
sives, 19S: hoisting-dium, 345 : pay- 

n,™i.l«l''' 

of mining, i 

Lane drum, 34$ 

Lanrenlian systesn at an>er pcninsala 

of Michigan, 3? 
Lead sulphate and sJva-saki, lotepaiate 

from silicic acid, 333 
Ubrarv, boolcs added, to, 151, 339, 308 
Light-house, on a lock level with the sea, 

300 
Lighting by dectric light, 318; ^ flhoH- 

nattng stov^ 918 
" Long Tom," & 
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Magnesia, prepsTation of, 301 

U«{pietic dresiin{, 397 

Maencti for eitrMtion of pyrites, 55 

Marquette iron reeton, «, 103, 197, 143 

MiTihlidd, Hit*., tecuunaiion of tide- 
Undlt. I|g 

MechuiicKl Eneincefs, meeting of, go 

Mecbwiiol origin of (okl ia pltcen, 8 

Mercury in itoimp mortu, 03 

MetMlloi^ of (otd tnd nWcr, prc^peti 
of. 7'. "57 I 

Hich^anme iron mine, deposit, 46; I 
dtilli used, 197 ; explosives, 199 L 
payment, 349 ; pumping, 346; relief 
dub, 351 ; system of mining, no; 
system of ore handlinf , 203 

Mlctiwcopic oi^wiisms, destruction of, 
301 ; tests of flour. 303 

Miuwals of Colorado, 143 

Mineral wool, the use of, 146 

Mine con(r«clt at Marquette, 347 ; gang- 
ivs. cement lining for, 393; rules j 
a regulations, 3^1 1 lurreying, 169 
. Mines □[ tlu Appalachian nu^, loS ; 

Mining csrs, 193; engbeers, meetings of 
Institute, 49 ; haulage by endless , 
rope, 181 ; methods in Marquette 

Morris Canal, inclined planes of, 2S3 
Horlar, mercury in the stamp, 93 I 

Mortar of blast furnace sltig and lime- . 

stone, 300 
Motors, cost of work with Tarious, 300 | 
Munroe, Prof. H. S., inaccessible dis- ; 

tances, 35 ; mine surveying, 369 ; 

placer deposits in Yeaso, 15 

Nbwherky, Prof. J. S., on genens and 
distribntion of gold, 5 

New York iron mine, accidents, 150 ! con- 
tracts, Z4S ; depoat, 105 ; drUli 
used, 197 \ handling of ore, 3xa ; 
hoisting, 344; pumping, 246; system 
of mining, 114 

Nitric acid, caning combustion, 303 ; es- 
timation of, in nitrates, 301 

Nitrogen determinations, rednction of Cti 
foil for, 333 

Nitro-glycerine, biHling of, 3;o 

Nobel's blasting-gelatine, 396 

Non-conducting materials, 14s 

North Carolina, mines of, 3C« 

Nnggets, 6 ; list of large, 7s 

Obituary Notkm: Ctefc, Henry G., 

te; Olmstead, Owen F., 153 ; Hoi- 

ley, Alex. L., 334 

Otmuead, Owen F., obituary, 153 . I 

Open cuts, 1 10 I 

Che bodies, character of, in Marquette 

iron re^on, 40, 103 ; docks at Mar- ' 

qaettc, L'Anse and Escanaba, 307 

Ore^renlng, 196 ; mechanical asuys for . 

cunitof of coal washing, 318; sep- < 

aration minerals of equal ^ gr. , 54 



Ore Mmpling, 353 

Osceola, Nev., placer at, 9 

Owen, P. N., sanitary condition of city 

Paddock pneumatic separaton, 139 

Fan, the miner's, 81 

Paraffin, generation of M,S with, 301 

Parsons, W. B., Jr., endless-rope haul- 
Payment at Marquette mines, 349 

Phosphorescent ^int, 300 

Pig-iron, determmation of total carbon, 
390 

Pipes, flow of water in, 190 

Piping for carrying atr, 340 

Placer deposits, j ; of Yesso, 15 ; min- 
ing, 79 

Placers, deep, 87 

•■ PlanilU " at San Juan mine, 368 

FUtinam, roughness on, 301 

Flattner's process for gold, 97 

Plumbing of city houses, 32 

Plumb-lines, for transferring line down a 
shaft, 371 

Pockets, 306 

President's report, 58 

Professional notes, 49, 137, 314, 393 

Prospecting, cheap shaft-sinking for, 137 

Prussian mmes, experiments and improve- 
ments during iSSo, 139, 314 

Pnddler in gold raining, S3 

Pumping in Marquette iron mines, 346 

Fyrita and blende, separation of. 54 
, l^rophosphate, determination of line as. 



Kackakock, 50 
Rack-road, 217 

Railroads, resistance of curves, sst 
Reduction of ores at San Juan mine, 36 
Reed, S. A. on ore sampling, 353 
Relief clubs at Marquette mmes, 351 
Republic iron mine, accidents, 3jo; de- 
posit, 47 ; drills used, 197 ; ex{do- 
sives, 198 ; bandlincr of ore. 301 ; 
hoisting, 343 ; rdief dub, 151 j 
system of raining, tt3; turbine 
wheels, 345 
Riffles in sluices, S3 
Roasting gold and silver ores, 15S 
Roeker, 83 

Rotary boring machine, 139 
Round tables, feeding apparatus for, 397 

Sack fastener In sampling, 356 

Safety-dutcbe^ 343 

Safety-gales, automatic, 315 

Sampling of ore, 353 

Sand Uast, 1 10 

Sanitary condition of city housei, 31 

San Juan mine, 264 
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Skxod kmalgmmation, lot 

Soffoldi and engOTgemeiit) In b1a*l for- 
naces, 30s 

School or Mines, coime of arcIiitectiiTe 
•t, I ; nolex, 56, 147, 136, 307 

School-sink n. privy-vault, u 

Scoop-shovelB b sunpling, 156 

Scrammers, 300 

Sedimentary origin of Chami^on mine 
deposit, 4a 

Segregated veins, gold in, 11 

Separator. Psddoclc'i pneumatic, 139 

Severn tuunel method of transfeiriog a 
line down a shaft, 371 

Shaft-bonse of Champion mine, aof 

Shaft unking, 115, 117, 137, 377 ; lim- 
bering, 115 ; transfer of linedown a, 
370 

Slufti, at Leadville, geological section 
of, 393 ; , »ignaliias in, 137 

Sheetlng-Eioards in Barnum shaft, 178 

Sieve, spiral, 107 

Signalling in mmes, 137, 116, 143 

Silver, extraction of, by wet processes, 
163 ; ores, treatment of, 101 ; plat- 
ing, electro, 30 ; production since 
1858, 165 ; salts and PbSO,, separa- 
tion from silicic acid. 333 ; separaticm 
from leftd, 301; univenij flux for as- 
says, 51 ; vans, 13 

Slag blMt furnace, for mortar, 300 

Slimes, waste, 397 

Sluice, battery, 94 

Sluice in ^acer mining, 83 

Smelting gold and silver ores, 98, 159 

Smoke, nev furnace for prevention o^ 49 

Snow, removal of in St. Petersburg, 300 

Soil pipe, ventilation of, 33 

South Carolina, mines of, :il 

Spiral sieve, 197 

Splicing wire lope, 195 

Splitter for sampling, 257 

Spontaneous combiution by HNO,, 303 

Stamps, 93 

Stair, H. F., (in delerminalion of total 
cartxin in steel and pig-iron, 390 

Steam-pump* in Marquette minea, 346 

Steel, analysis of, 51 

Steel, determination total carbon, 390 

Stock piles, 306 

Stone, Geoige C, on determination of 
zinc as a [lyrapho^jhate, 360 

Strength of brickwork, 299 

Sugar analysis, 5a 

Summer dais in mechanical engineering, 
149 ; in practical minu% on Mar- 
quette iron region, 3j, 103, I97>M3 

Surface trunsporlation hy narrow gauge, 
316; by wire ropeways, 316; by 

Surveying inaccessible distances, 35; ofi 
mines, 369 ; reading a compass to i 
mmutes, 39 ; topographical models, 
394 

Suter, G. A., on mine surveying, 369 I 



I Tailings and tail dutres, 89 
j Tall-rope under hoisting-cages, 316 
I Tails, concentration of, 95 
I Tanning, 301 
I Telephone, 3i6 
I Tell-tales, 244 
Tide-land at Marshfield Mat*., reclama* 
I tionof, iiS 

j Tie-rods, expanuon in brickwork, 397 
I Tilted transit for trantTerring line down 

a shaft, 373 
I Timbering of shaft "A," Bamun mine, 

I Topographical models. 394 
Total carbon, detemiination of in steel 
or ing-iron, 190 
j Trowbridge. Fraf. W. P. determination 
of heating surface required in venti- 
lalbg Auei^ 171 
Turbine wheels used in hoisting 345 



Vafart centrifugal disint^rator, 55 
Veins, gold in fissure, 13 ; , gold in 

sq^gated, 11 
Ventilating machines, iiS 
Ventilation, determination of reqaired 

healing surface in ventilating flues, 

171 ; of cellars, 34; of soil pipes, S3 
Vertical sights, 370 
V-gearing, 345 
Vondy, R. H., on sinking of shaft " B," 

Barnum mine, Ishpeming, Mich., 

Von Patera, procen at San Juan mine, 
368 

WACEfl at Lake Superior mme, 349 ■ 
Ware, Prof. W. R., on course of archi- 

Waste slimes, saving of mineral, 397 

Water, flow of, in pipes, 299 ; fupe at 
Michigamme mine, 346 ; power used 
in hoisting, 345 ; pressure, bridi- 
work under, 393; wheel at Mwris 
canal inclines. 3S5 

Wet placers, working of, 79 

Wet processes for silver, 163 

Wilson, Herbert M., on the inclined 

S lanes of the Morris Canal, 3S3 
ing drum at Morris Canal incline, 
aSs 
Wire rope« in pumpine, 346 
Wire rope, splicing of7395 
Wire rope-ways, 316 
Wittmack, C. A., elect ro-^lver-plating, 



Zinc derilveriial ion, 161 ; delenuinatioo 
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Apparatus, Vessels, Sheet, Wire, Etc., 

FOR ALL 
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H. M. RAYNOR, 

No, 25 Bond Street, New York. 

Native Platinum and Scrap purchased. 
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Is already assured of an income sufficient to defray the ex- 
penses of the current year, and the editors are thus enabled to 
promise that its present standard of excellence shall be main- 
tained. But they wish to do more than this ; they wish to 
raise the standard and extend the scope of the Quarterly still 
further, and it is hoped, therefore, that those who are intending 
to subscribe will do so at once, that the projected improvement 
may begin with the next number. 



Annual Subscription, Two Dollars. 

Single Copies, Fifty CenU. 

Send money by check, or by postal order fayablt at StatioH H, Nm York 
Post O^e, to order of 

"WILLIAM F. STAUNTON, Jr.. Treamrer. 



^dovGoot^lc 
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BECKETT & MCDOWELL, 



Offloes, 8 & 7 Cortlandt Street, N. Y. 
WOEKS, - - AELIHOTON, K, J. BEABIHa, PA, 



Contracts tnade to furnish and ertct at tHe minea all 
descriptions of Mining Machinery. 



Wc hiK 11 prcKM uniler nnttniclion. i 5-stanip uItct rnill ; ij-ton lad undlo', Ssuia Eulalu 
Mininc Conpuiy, Chihuahua. Mex.: ij-loii raulinEand chlondiiing furnace. Cuiihulruchk Mill- 
ing Cumpany, Men.; ic-iuinp gold mill, Satcmo Minins Coirpsny, Tangici. Nova Scaiia ; isd-idh 
concentraiioo worki, Canada ConaolidaUd Gold Mining Company, Maimora, Ont: loplon con' 
cenmikm^wDrka. Paymafltcr Miniiif Company, Gcor^Lown^ CoE,; ao-atamp gold mill. Gold Hill 
Mining Company, N. C; «f9taiiip diy crusfaing liint mill. Highland Chief Mining Company, 
Lcwii. Nov.; to-ilamp dry cniihine silver mill, £a«lc Mining Company, Lewis Nev.; Dnitnalle 
Reduction Workt. Liberty Mine. Va.; nytlamp lold mill, Haile Cold Mining Company, South 
CiTolina : jo-DQ coDceotiaDoa worki. Silver Peak Mining Co., Aniniu Forki, CcO., and oiheit. 



We refer 10 ihe rollowing as a few of the work, built by ui : Hni.iing-iroikv S" tool dail> 
capadly, Hom-Silvei Mimng Company. Kriuo, Uuh ; anitamp Hold mil. Hoover Hill Gold Miniig 

pany. Mea.; lo-ton liii>iaiion-wnrk>. Ward Mining Company. PataL Mei.: is-too lUver mill. 
Tioip & Genna Mining Company, Cherry Creek, Nev. ; ao-ion lialiiatioii-worki. Chihuahua Hininf 
Company. Mea.; ^o-ton lead amelting.worki. Corralitoi Compaiky. McK.; hoilliog and pumping- 
workt. Haile Gold Mining Company. S. C: loo-Ion concentralianworki, Wythe Lead and Zinc 
Company, Va.- 
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Rand Drill Company, 



MANUFACTURERS ( 




ROCK DRILLS, 

Air Compressors, 

AND 

GENERAL MINING MACHINERY. 
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A full list of A»«y Goods, Ihcludins Blowpipe Apparatus, of mut iin- 
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Chemicals, direct importation from Merck and Trommadorf. Royal 
Berlin Porcelain; Royal Meissen Porcelain; Schleicher 
•nd Schuell'a Chem. pure Filter Papers ; French 
Platinum ; Kavallier's Bohemian Olasa ; Fletcher's 
Furnaces, ate ; Becker and Sons' Balances 
and Weights; FiBCher'a Water-pumps. 
Agate Mortars. Watch Glassea. 

Volumetric Apparatua. Thermometers. 

Copper Stills and Water Baths. Retort and Filter Stands. 

Soft Rubber Stoppers. Scales and Bumera. 

We make it a point to procure or reproduce, at the earliest moment, all 
new inventions or improvements in our line, and as we carry a very beavy and 
well auorted stock, we can supply all wbdIi at the shortest notice. 

Our muiufacturing fitcilities enable us to furnish our patront with excellenl 
goods at very low llgnres , we would respectfully solicit an examination of onr 
stock and prices in support of our aocrlioa. 

All orders and inquiries will meet with prompt and careful attention. 

EIMER & AMEND. 
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ESTABLtSBED IMl. 

J^. v. B E 3Sr O I T, 

t48 rVLTOS ST., SEW YORK {Star BrotHHnay), 



DRAWING & PAINTING MATERIALS 
Drawl t; Schools, Colleges, Artists and Engineers. 

Dntwintt-boATdi uid drswiDg: paper and all the occextorieH for drawfo^— 
Boies of USitbematical Instminents, Trianglea, Pencils and Colois. DrawiDg 
Collies of ever; desoription. Matehials for Wax Fiaiwkrs. 

Statuary In Terra Cotta. Insjiection eardifUly invited. 

PREPARATORY 

SCIENTIFIC SCHOOL, 

Schools of Science, of Technology, of Mines, 

of Architecture, of Naval Engineers, Etc., Etc. 
ALFRED COLIN. M. E., 

Late of the Enpneer Coips, TJ. S, N., and 

Aasistant PioCMMr C S. Naval Aeademj. 
341 Madison Avsnue (N. B. Comer of 44th Streett, New York. 

SUMMER SCHOOL OF MATHEMATICS, 

SIXTH TEiR OP ITS EXISTENCE, 
Uiider the oondnot of J. WOODBBIDGE DATIS, a E., PL D. (8. of H., 78). 
Dariog six weeks, from AogoBt 14th. 1883, lilt the regular Fall examina- 
tlons, the RDbjecta of ('alcalns. Analytical Geometrj, Trigfonometr;. Geometiy 
and Algebra, will be taag:bt — one hoor to each erer; week-daj. The classes 
shall be limited to six members each, and, as heretofore, the charges shall be 
made extreme]; low, and the aocoeaa of the student insured. 

*^''~'' J. W, DAVIS, 175 East 82d Bt., H. Y. Oity. 

Formula for R R, Bakthwouc, Seoond Edition. Pric«, f 1.50. Address as atwTe. 
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COLUMBIA COLLEGE, 

NEW YORK CITY. 



SCHOOL OF ARTS. 

Examimitions for admission are held on the first Wednesday in 
June, and on the Wednesday next preceding the first Monday in 
October. Candidates from other colleges must present certificates of 
dismission in good standing. For students entering after October, 
1880, the annual tuition fee is $150, payable half-yearly in advance. 
The first term begins annually the first Monday in October; the 
second, immediately after the intermediate examination in February 
(Feb. 9, 1883). Annual Commencement, the second Wednesday in 
June. Courses of instruction are given to graduates of this and other 
Colleges, on a large variety of subjects. 

SCHOOL OF POLITICAL SCIENCE. 

The prime aim of this school is the development of all the 
branches of the political sciences. Annual fee, $150, payable half- 
yearly in advance. The scholastic year begins annually the first 
Monday in October ; Matriculation, the Friday preceding. 

SCHOOL OF MINES. 

There are ux courses of instruction, viz.: Mining Engineering, 
Civil Engineering, Analytical and Applied Chemistry, Metallurgy, 
Geology and Palaeontology, and Architecture. Candidates for the 
tirst class, at its formation, must not be less than 17 years of age ; and 
candidates for advanced standing must have a correspondingly greater 
s^e. The scholastic year begins annually on the first Monday in 
October; Annual Commencement, the second Wednesday in June. 
Examinations for admission, on the Fridays next preceding the Com* 
mencement and the beginning of the scholastic year. Annual fee, 
$200, payable half-yearly in advance. 

SCHOOL OF LAW. 

Applications for information should be addressed to Prof. T. W. 
Dvight, LL.D., Warden of the Law School, 8 Great Jones Street. 

SCHOOL OF MEDICINE. 

Catalogues and information may be obtained of Prof. John G. 
Curtis, M.D., Secretary of the Faculty, comer of Twenty-third Street 
and Fourth Aveoue. 

F. A. P. BARNARD, LL.D., 

PrttidtnL 
Madieon Avxkus ahd Forty-Ninth Stkut, New Yokk. 
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WILSON & lELLOGG 

SCHOOL, 

539-543 FIFTH AVENUE, NEW TOBK. 



FBINCIFAIS, Mt (186S-1B11) lElDIiSTEBS 

Anthon Grammar School. 



DURING SIXTEEN CONSECUTIVE YEARS 

SUents MYe im prepaiel br tliei for tiitniicB ti tlie 
SCHOOL OF ARTS, and 

SCHOOL OF MINES, 

OF 

COLUMBIA. COLLEGE. 



A Full Ootp* of Superior Aailitanto la 
CLASSICS, MATHEMATICS, 

MODERN LANGUAGES, and 

ENGLISH STUDIES. 



Under Direction of a Graduate of the Ne^v 
York TURN VEREIN. 



DqilzMBlGoOl^le 
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CHARLIER INSTITUTE, 

FOR BOYS AND rOUm QENTLEMEH, 
108 "V\rEST 69th STREET, 

OppotOe Central Park. 

NEAR TERHFNUS OF ELEVATED RArLROAD ON SIXTH AVENUE. 



The Advantages dumed for this School are : 

1. lU location «qn«llad by nooe In New York City. 

2. A tMW bnildiiiK, ornctod pnitMBaly, with a* perfaot TantUatlon, 

dnlnag«, and aocommodatloiiB a« lotenoa oan maha thun to-day. 

3. An axpaiienca of TUIKTT THAES. 

^ Exparlenoad taaohan, and a oonrt* of itndUa praparlng puplli 
for 

COLLEGE, 

BUSINESS, 

■WEST POINT, 

NAVAL ACADEMY, 

Or any SCIENTIFIC SCHOOL in the United 

States or abroad. 

B. Thara la a apoolal departmant for yonthi who daalra to go to 
ooUaga, and wish to loam Ziatin and Qraak rapidly, SpocUl 
praparatloa for Harvaid, Tale, Oolainbia, Princaton, Ao> 

6. Modom LauKoagai, aipeclally Franch, Oarman, and BpanUh, are 
taught hy natlva taachan, and Rpoken with them. 
For UtUmtmicUt, detaOt, tentu, eU., tend for a pro*p«etti* of tie teAool. 

FaoF. ELIE GHARLIEK, DiBECTOB. 

Til. eath School Yoiip begina Saptamb.. SOth, 1888. 
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ANTHONY'S 

AMATEUR PHOTOGRAPHIC OUTFITS, 

— FOR OSINO — 

GELATINO-BROMIDE DRY PLATES. 



SIMPLE, RAPID, 

EFFECTIVE, PORTABLE, 

CLEAN. ECONOMICAL. 



Outfit fc»r 4 X 6 inoh plate, $10.00, and upwards. 
" 6x8 " 12.00, " 



All sizes and styles at very moderate prices. They are 
not toys, but intended for use by professional or amateur. 

The Dry Plates used are Eastman's Gelatine-Bromide, 
working in much less time than the Wet Process, and their 
development easy and sure.^soiling neither hands, clothes, 
walls, nor carpets ; and if desired, the plates can be kept for 
any length of time after exposure, before developing — a 
great boon to the tourist. 

Descriptive Price List mailed to any address on application. 



OUR STOCK EMBRACES EVERT ARTICLE 
USED IN PHOTO&RAPHT. 



E. & H. T. ANTHONY & CO.. 

691 Broadway, - - - - NEW YORK. 

DqitzedOvGoOt^lc 
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No. I. 



SCHOOL OF MINES 
QUARTERLY. 



NOVEMBER, 1881. 



CONTENTS. 

On the Proposed Course in Architecture. Prof. Ware '1 

The Geneeia and Distiibutlon of Gold. Prof. Newbeny 4 

Apparatus for Rapid Analysis of Gases. A. H. Elliott 1ft 

The Sanitary Condition of City Houses. F. N. Owen . 21 

Inaccessible Distances in Surveying. J. W. Davis and H. S. Munroe. 27 

Electro 'Silver -PI a ting. C. A. Wittmack ,.. 31 

The Marquette Iron Region. By Students of Summer School 36 

Professional Notes 60 

School of Mines Notes 66 

Graduate Department 43 



H. S. MUNBQB, '69. W. F. SjAU.vTov, Jr., '82. C. A. Wittm.^ck, 'Si 

E. WaiO-KR, '70. A. J. Moses, 'Si. F, Sands, 'Hi. 

P, ■D% P. RlCKETTS, '71. G. A. SUTER, '83. W. 11. COOFER, "83, 

COLUMBIA COLLEGE. 

NEW VORK. 
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SCHOOL OF MINES QUARTERLY. 

Vol. III., 1881-82. 

EDITORS: 
Henry S. Munroe, E.M., Ph.D., '69. 
Klwvn Waller, Ph.D., '70. 

Pierre de Peyster Ricketis, E.M., Ph.D., '71. 
William F. Staunton, Jr., '82. 
Alfred J. Moses, '82. 
George A. Suter, '83. 

Charles A. Wiitmack, '82. 
FtRDiNAND Sands, '82. 
William H. Cooper, '82. 
TH K QUARTERLY is i>iiblishe.l by the Alumni Assodalion. and 
the Chemical and F.nginL-eiiiig Societies of the School of Mines, and 
will be issued, during the jireseni School year, on or about the fiist of 
November, 18S1, and January, Atarcii, and May, 1882. 

Each number will contain original articles by students, graduates, 
instructors, or professors of the School of Mines. 

As far as practicable, preference will be given 10 useful papers 
containing material of value to students and to graduates, and cal- 
culated to aid them in Iheit school studies or their professional work, 
'I'he department of " Professional Notes " will contain brief notes 
of new ideas, new methods and recent discoveries, in Analytical and 
Applied Chemistry, Economic Geology, Mining, Civil, Mechanical, 
and Sanitary Engineering, and Metallurgy. 

The " School of Afines Notes " will contain notice of all changes, 
projected improvements or additions to the buildings, course of 
iiisiniction, ox personnel of the School. 

From time to lime lists of the graduates of the different classes 
will be published, with their addresses and occupations. 

The Qnarterly is the official or^^iin of the Alumni Association, and 
as such should have the snpiiort and coiiperation of every graduate of 
the School. (Graduates are therefore invited to send, at any lime, 
items of interest for the "Professional Notes" and Graduate De- 
])artmi.'nt, and to contribute original papers for publication in the 
Quarterly, on siibjccii connected with their work. 

In order to mainlain, ami to improve on the high standard of 
previous volumes of the Quarterly, and to be able to incur the expense 
of illuslrations to the articles, when such may he desirable, it has 
been found necessary to increase the subscription pr^ee to Tii'o Dollars 
per year. Single copies, fifty Cents. 

Send nionev by check, or by postal order payable at Station Jf, 
New York Post Office, to orJcr of 

Wir.T.iAM F. Staunton, Jr., Treasurer. 

M\ comunicalLons sliould be adJressed : 

SCHOOL OF MINES QUARTERLY, 

hoRTV-.NiNTH STREET (comer Fourth Avenue), Nsw Vo«K, N. Y. 
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JOSEPH AILLOYtIS 
^ STEEr'PENS. 

Sold by all Dealer* tnrougn«ut the World I 
CMd Medal, Parle ExposJUoit, 1878. 



B. WESTERMANN & CO. 

(ieman Booksellers and liprters, 

838 BROADWAY, NEAV YORK. 



Large Slock of Imported Books on ^Iining, Metallurgy, 
Engineering, etc. 

D. VAN NOSTRAND, 



SCIENTIFIC BOOKS, 

23 Murray Street, and 27 Warren Street, 




specialty. Pria 



COLUMBIA BICYCLE. 



"COLUMBIAS" 

are the favorile witli riders, and their superiority in beauty, 
^itruclure, and dnhSa xi acknowledged by all. 

Send 3 cent litamp for elegantly illustrated 36-page Catalogue, 
with priL-e-lisls and full info [mat ion. 

THE POPE M'F'G CO., 

591 Washington Street. Boston, Mass. 

NEW TORE BAL^BOOU AHD SIDIHO 80HCKIL, 

214 t.ait 34lh Street. 

ELLIOTT MASON, UaDkce 
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TIFFANY & CO., Jewelers, Union 
Square, New York City, invite attention 
to their new bridge movement Stem 
Winding Watches, in i8 carat gold hunt- 
ing cases, at One Hundred Dollars each. 

They are carefully finished in every 
particular, adjusted to heat and cold, and 
are confidently guaranteed as the best 
value for the money attained in a watch. 

Cuts showing sizes and styles of casing 
of the above watches, together with pat- 
terns of suitable chains to be worn with 
them, sent on request. 

Correspondence invited. 

Address, . 

TIFFANY & CO., New York. 
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